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ABSTRACT 
Hydrometallation reactions of Group IV metal hydrides are reviewed 
i n the f i r s t chapter. 
The r e a c t i o n of t i n IV c h l o r i d e with a r y l methylene amines, 
ArylCR = NR', has l e d to two new orthometallated compounds; o r t h o - t r i c h l o r o -
stannyl (N-methyl) diphenyl methyleneanine, 2-Cl_Sn-CcH.C(Ph)=*NMe, of 
which the c r y s t a l s t r u c t u r e has been determined, and ortho- t r i c h l o r o -
stannyl (N-phenyl) diphenyl methyleneamine, 2=Cl^Sn=CgH^C(Ph) = NPh. 
Studies on the complex equilibrium mixture between HC1, SnClg and 
119 
Et^O, which include Sn n.m.r. spectroscopy and the r e a c t i o n with 
proton sponge, suggest that i t c o n s i s t s l a r g e l y of the i o n i c s p e c i e s 
e t h e r e a l t r i c h l o r o s t a n n a n e , Et 2OH + SnCl^". I t s r e a c t i o n with S c h i f f s * 
bases y i e l d s t r i c h l o r o s t a n n a t e s a l t s of which the c r y s t a l s t r u c t u r e has been 
determined f o r (N-methyl) diphenyl methyleneammonium t r i c h l o r o s t a n n a t e , 
Ph 2C=NHMe + SnCl-j". 
2-Cyanoethyltin t r i c h l o r i d e , Cl^SnCHgCHgCSN, i s formed i n the 
hydrostannation of a c r y l o n i t r i l e (CH 2=CHCN) by e t h e r e a l t r i c h l o r o s t a n n a n e 
and i s an i n t - -molecular coordination polymer which e a s i l y breaks down 
to form adducts with Lewis bases. Analogous hydrostannation products, 
Cl^SnCHRCHRCN (R > H,Me) and Cl^SnCCH^CN, have been prepared from 
c r o t o n i t r i l e (MeCH=CHCN), m e t h a c r y l o n i t r i l e (CH 2 =C(Me)CN) and a l l y l 
cyanide (CH 2=CHCH 2CN). They a l s o y i e l d products where the n i t r i l e bond 
has been converted to an azomethine bond. S i m i l a r conversion of the n i t r i l e 
group occurs f o r saturated n i t r i l e s , RCN (R = Me.Et.Bu^Cl^C.ClCI^CHg.Ph, 
PhCH 2). 
The attempted a d d i t i o n of e t h e r e a l t r i c h l o r o s t a n n a n e to carbonyl 
compounds (PhCHO, PhCHgCHO, PhgCO, PhCOCl, PhNCO) yi e l d e d mainly 
unreacted s t a r t i n g m a t e r i a l s , with the exception of benzaldehyde where a 
low molecular weight polymer was obtained. 
N.q.r. s p e c t r a have been recorded f o r a s e r i e s of ammonium and 
+ — + phosphonium tribromo and t r i c h l o r o - stannates (R.N SnX_ and R.P SnX 
4 3 4 
and also f o r the alkylideneammonium s a l t , Ph^C =NHMe+ SnCl^", and are 
r e l a t e d to c r y s t a l l o g r a p h i c data. Temperature dependence studies on 
CsSnBr., r e v e a l a f i r s t order phase t r a n s i t i o n between 13 and 17°C„ 
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HYDROMETALLATION REACTIONS OF GROUP I V METAL HYDRIDES 
1.1 I n t r o d u c t i o n 
Hydrometallation i s the a d d i t i o n of the metal-hydrogen (M-H) bond 
of a metal hydride across an unsaturated bond. 
e.g. I —H + 
I I C - C - H 
I I 
( 1 . D 
This i s an e x c e l l e n t route to f u n c t i o n a l l y s u b s t i t u t e d organometallic 
compounds provided that the f u n c t i o n a l groups attached to the alkene 
bond are themselves of a type that are unaffected. 
This chapter i s a review of hydrometallation by the group I V metals 
i n v o l v i n g both organo and halogeno metal hydrides. Hydrostannation i s 
discussed i n g r e a t e r d e t a i l so that the work of the f o l l o w i n g chapters 
may be put i n t o p e r s p e c t i v e . 
An important f a c t o r to consider when comparing the r e a c t i v i t y of 
the metal hydrides towards hydrometallation i s the r e l e v a n t bond 
energy terms as summarised i n t a b l e 1.1 [ l ] . 
Table 1.1 
Bond Energy Terms Relevant to Group I V Hydrometallation Reactions f11. 
* - — J i p n d Energy Term* 
^ ~~-~JCJ/mol A-H A- C 
C 413 C - C = 347; C = C = 611; C = C » 837 
S i 318 305 
Ge 285 247 
Sn 251 209 
* see overpage 
2 
w The bond energy term i s the quantity assigned to each of the bonds 
i n a molecule such that the sum over a l l bonds i s equal to the enthalpy 
change a s s o c i a t e d with the conversion of the molecule i n t o separate atoms 
(1 atmosphere, 300K, i d e a l gas s t a t e ) . 
Table 1.1 sho^s that hydrometallation r e a c t i o n s , i n which a C = C 
and ffl-H bond are replaced by a C - C, C-H and M-C bond, are favourable 
e n e r g e t i c a l l y . They a l l r e s u l t i n an o v e r a l l i n c r e a s e i n the t o t a l 
bond energy term. 
e.g. Sn-H + C = C 5> S n - C + C-C + C-H (l»1a) 
251 611 209 347 413 
A (bond energy terms) + 107 KJ/mol. 
3 
1.2 HYDRQSILATION 
H y d r o s i l a t i o n r e a c t i o n s are used t o s y n t h e s i s e o r g a n o s i l i c o n 
monomers and polymers, t o c r o s s - l i n k s i l i c o n e polymers and t o 
copolymerise s i l i c o n e and o r g a n i c polymer b l o c k s . A number o f major 
reviews have been w r i t t e n on the s u b j e c t [ 2 - 5 } • C h l o r o s i l a n e s are 
the most r e a c t i v e and are the most w i d e l y used. 
The r e a c t i o n may occur s i m p l y by h e a t i n g the components t o g e t h e r 
under pressure b u t o f t e n r e s u l t s i n oligomers o f t h e alkene [jo~[o 
2 5 0 - 3 0 0 °G 
H 0 C = C H . + MeSiHCl,, > r,!eCl 0Si(CH 0CH 0) H ( 1 . 2 ) 2 2 2 c n n , 2 2 2 n 1 0 0 - 5 0 0 atm. 
However, the m a j o r i t y o f h y d r o s i l a t i o n s are c a t a l y s e d , and o l i g o m e r i s a t i o n 
i s n o t a s e r i e s problem. Free r a d i c a l i n i t i a t o r s , t e r t i a r y amines and 
t r a n s i t i o n metal complexes are commonly used as c a t a l y s t s . 
( i ) Free R a d i c a l Reactions. 
I n the presence o f u l t r a v i o l e t o r gamma i r r a d i a t i o n o r w i t h 
i n i t i a t o r s such as peroxides o r a z o b i s i s o b u t y r o n i t r i l e (AI3N) f r e e 
r a d i c a l r e a c t i o n s occur. The weak Si-H bond i s a t t a c k e d t o g i v e a 
s i l y l r a d i c a l which may then take p a r t i n a simple c h a i n r e a c t i o n 
a c c o r d i n g t o Scheme 1.1 [ 7 ] . 
X_Si-
-> X^Si- + InH 
I I 
-) X„3iC C • 
3 I I 
I I I I 
X , Si-C—C- + H - S i X , > X,Si-C—C -H + X,3i« 
3 I I 3 3 I I 3 
Scheme 1.1 
I n = i n i t i a t o r , X =» (see below) 
4 
The r e a c t i v i t y o f the s i l a n e i n p e r o x i d e i n i t i a t e d r e a c t i o n s f o l l o w s 
the s e r i e s ; 
X = C l 3 S i H ^ > ClgRSiH ^ > GlR 25iH ^> R^SiH 
and the r e a c t i v i t y o f alkenes towards t r i c h l o r o s i l a n e i s as below. 
H > H >=/>=<> = 
As expected unsymmetrical alkenes undergo t e r m i n a l a d d i t i o n v i a 
the most s t a b l e r a d i c a l [f3 ] . 
( i i ) Base Catalysed Reactions. 
T e r t i a r y amines c a t a l y s e r e a c t i o n s b e l i e v e d t o occur v i a a d d i t i o n 
o f t h e t r i c h l o r o s i l a n e n u c l e o p h i l e t o t h e u n s a t u r a t e d bond, as 
e x e m p l i f i e d below [ 9 - 1 1 ] . 
Et N 
C H 2 = C H C = N + C l 3 S i H > C l ^ i C H g C H g C ^ N ( 1 . 3 ) 
Et U 
PhCsC-H + 2 G l 3 3 i H * ) PhCH= CHgSiCl^ ( 1 . 4 ) 
3 i C l 3 
Eenkesjaer c o n s i d e r s the r e a c t i o n t o proceed i n terms o f a s o l v a t e d 
f o u r membered t r a n s i t i o n s t a t e [ 1 0 ] , ( e q u a t i o n 1 . 5 ) . 
PhC = CH Ph H 
R 3N---ft ?-'-SiCl 3 H S i C l 3 
( i i i ) T r a n s i t i o n Metal Catalysed Reactions, 
The m a j o r i t y o f h y d r o s i l a t i o n r e a c t i o n s are c a t a l y s e d by t r a n s i t i o n 
m e t a l complexes, c h i e f l y those o f Pt, H i , Rh, Co, Pd and Pe. I n 
c o n t r a s t t o f r e e r a d i c a l h y d r o s i l a t i o n , t h e a c t i v i t y o f alkenes and 
5 
alkynes decreases with a l k y l group s u b s t i t u t i o n a c c o r d i n g to the 
s e r i e s : 
— > T > ^ > ri > 0 
The most common p l a t i n u m complex, and one o f the most r e a c t i v e 
c a t a l y s t s , i s c h l o r o p l a t i n i c a c i d ( I ^ P t C l g . 6H 20) o r Speier's 
c a t a l y s t [ 5 ] . Other complexes used i n c l u d e [ p t ( C 2 H 4 ^ 2 C 1 2 - 1 ' 
[pt(PPh ) 2 C 1 2 ] , [12-14] and [ p t ( P P h 3 ) 4 ] [14,15] . The g e n e r a l 
mechanism i s re p r e s e n t e d s c h e m a t i c a l l y below (Scheme 1.2) [16] but i t 
i s not c l e a r whether t h e a c t i v e species i s P t ( l l ) [ l 6 , 1 7 j o r P t ( o ) 
[5,18] a l t h o u g h S p e i e r f a v o u r s t h e l a t t e r [5,19 J . 
HSiCl V/ Pt Pt Pt 
S i C l R R H R 
J) R 
Pt S i C l 
S i C l 
R R H 
Scheme 1.2 
There i s a s t r o n g p r e f e r e n c e f o r t e r m i n a l a d d i t i o n , even w i t h 
n o n - t e r m i n a l alkenes, due t o the r e v e r s i b l e s t e p i n Scheme 1.2 . Th i s 
a l l o w s i s o m e r i s a t i o n o f t h e alkene and double bond m i g r a t i o n [20,21 ] 
as i l l u s t r a t e d below. 
T e r t i a r y phosphine p l a t i n u m complexes are l e s s r e a c t i v e 
t h a n c h l o r o p l a t i n i c a c i d b ut g i v e r i s e t o a c h i r a l c e n t r e i n the 
c a t a l y s t and s u b s e q u e n t l y t o asymmetric h y d r o s i l a t i o n . 
The c a t a l y s t s [ p t { S i H ^ H(PGy 3) ] 2 [ l 5 , 22 J and 
[ ? t { s i ( O E t ) 3 ^ K ( P n e B u ^ 2 ) ] 2 ' a a v e been prepared by o x i d a t i v e 
a d d i t i o n r e a c t i o n s i n v o l v i n g the s i l a n e as e x e m p l i f i e d below. 
[ p t ( P C y 3 ) ( C 2 H 4 ) 2 ] + R 3SiH > [ p t t s i R 3 ] H ( P C y 3 ) ] 2 . ( 1 . 7 ) 
These c a t a l y s t s g i v e a s i m i l a r y i e l d t o c h l o r o p l a t i n i c a c i d but do 
not cause h y d r o s i l a t i o n o f i n t e r n a l alkenes nor do they cause 
i s o m e r i s o n of t e r m i n a l alkenes . 
I n t r a - m o l e c u l a r h y d r o s i l a t i o n of 4 - p e n t a s i l a n e s leads t o 
s i l a c y c l o a l k a n e s , f i v e membered r i n g s b e i n g formed p r e f e r e n t i a l l y 









Scheme 1 . 3 5 2 . 2 t f 
1 
Oligomers are not formed, even i n the case of s t y r e n e [ 2 5 J 
H 2 P t C l g 
CH 2=CHPh + C l 3 S i H -f Cl 33iCH 2CH 2Ph ( 1 . 8 ) 
3y comparison, w h i l s t c h l o r o p l a t i n i c a c i d leads to t e r m i n a l a d d i t i o n 
i n the above r e a c t i o n , Ni(OO)^ leads m a i n l y t o the ©cproduct [ 2 6 J 
Ni(CO) 
CH 2=CHPh + C l 3 3 i H -3> CH-j-CHPh 
C l 3 S i 
(1o9) 
N i c k e l c a t a l y s e d h y d r o s i l a t i o n r e a c t i o n s take p l a c e i n the 
presence of r e d u c i n g agents, o f t e n the s i l a n e i t s e l f , and are 
l i m i t e d t o t e r m i n a l and c y c l i c alkenes [ 2 7 ] . . The r e a c t i o n mechanism 
i s a g a i n one o f o x i d a t i v e a d d i t i o n of the s i l a n e t o the zero v a l e n t 
e t a l [ 2 7 , 29] „ The d i r e c t i o n of a d d i t i o n depends cm bo t h t h e 
l i g a n d a t t a c h e d t o the n i c k e l ["29, 3o] and on the s u b s t i t u e n t on 
the alkene. Equations IJ.0 and 1.11 demonstrate the e f f e c t o f 
e l e c t r o n w i t h d r a w i n g and d o n a t i n g s u b s t i t u e n t s r e s p e c t i v e l y 
on the alkene [31J. 
m 













Cl-MeSiCH.CH 2 2| 
Et 
( 1 . 1 1 ) 
C a t a l y s t s i n c l u d e f N i ( c o d ) 2 ] , [ N i ( P P h 3 ) 4 ] and [ N 1 ( C 0 ) 2 ( P P h ^ J 
[ 3 2 - 3 6 ] o r [ N i ( a c a c ) 2 ] reduced by an aluminium a l k y l , h y d r i d e o r the 
s i l a n e i t s e l f [ 3 2 , 3 3 , 3 5 , 3 7 ] . 
A u s e f u l summary o f t h e h y d r o s i l a t i o n o f alkenes i n c l u d i n g dienes 
has been compiled by P.W.Jolly [ 3 1 a J . As an example, the r e a c t i o n w i t h 
b u t a d i e n e i s g i v e n below, w i t h the c i s isomer p r e d o m i n a t i n g ^ 3 2 , 3 8 ] , 
8 
CH 2=CHCH=CH 2 + Cl^SiH -> CH CH=CHCH 2SiCl 3 (1.12) 
1,4 a d d i t i o n , c i s and t r a n s isomers 
+ CH 2=CHCH 2CH 2SiCl 
+ CI SiCH 2CH = CHCH 2SiCl 
( t r a c e s ) 






[ N I C I 2 L 2 ] 
1 2 R , R =Ph 
:.TeCl2SiH 
[ N i E t 2 . b i p y ] 
1 2 R , R =Bu 




C l 3 S i S i C l 3 
H2C = CPrCPr=CHSi(OEt) 3 
HPrC = CHCPr =CHSi (OEt). 
[ N i ( a c a c ) 2 ^ { , A l E t . 




[ N i C l g L g ] 
1 2 
R =R =Et 







Stepwise a d d i t i o n o f the d i h y d r i d e i s a l s o p o s s i b l e , though n o t 
common £j9]. 
H-SiMe. CH =CHOCOMe 




N i c k e l c a t a l y s t s , prepared by t r e a t i n g N i C l g w i t h the s i l a n e , are 
used t o h y d r o s i l a t e c a r b o n y l compounds a c c o r d i n g t o Scheme 1.5 [40=42], 
NiyfipiH 
ECHO + HSiRi C a t a l y S t 
Scheme 1.5 
RCHgOSiRJ 
H 2 0 
RCH_OGH„R + R;Si_0 2 2 0 2 
and f o r R=Ph; P h — C - C — P h 
I I 
R^SiO OSiR 3 
RCH2OH 
[42] 
The h y d r o s i l a t i o n o f ketones i s reviewed i n r e f e r e n c e s 43 and 4 4 . 
Conjugated ketones g i v e s a t u r a t e d ketones o r a l c o h o l s as a r e s u l t o f 
1,4 o r 1,2 a d d i t i o n r e s p e c t i v e l y . 
S i m i l a r i l y , t h e h y d r o s i l a t i o n o f an i m i n e i s p o s s i b l e and upon 
h y d r o l y s i s g i v e s t h e amine [45-47] . 
Rhodium c a t a l y s t s , such as [(Ph^Pj^RhCl] o r W i l k i n s o n s c a t a l y s t , 
are a l s o w i d e l y used as t h i s metal has one o f the h i g h e s t c a t a l y t i c 
a c t i v i t i e s towards h y d r o s i l a t i o n , , The o x i d a t i v e a d d i t i o n o f the s i l a n e 
t o t h e metal complex i s a f a s t , r e v e r s i b l e r e a c t i o n which r e s u l t s i n 
r e t e n t i o n o f c o n f i g u r a t i o n on the s i l i c o n atom. [43,44]. Rhodium 
c a t a l y s e d h y d r o s i l a t i o n s f o l l o w a s i m i l a r course t o n i c k e l , r a t h e r 
t h a n p l a t i n u m , c a t a l y s i s and r e s u l t i n f o r m a t i o n o f th e «* adduct [ 48 ] . 
[(Ph P) RhCl] 
CH2 = CHCSN + PhMegSiH — » CR"3CHC=N 
PhMe 2Si 
(1o14) 
The h y d r o s i l a t i o n o f methyl a c r y l a t e , c a t a l y s e d by W i l k i n s o n s 
c a t a l y s t , r e s u l t s i n p s i l a t i o n w i t h some o l i g o m e r i s a t i o n compared 
t o °L s i l a t i o n f o r t h e c h l o r o p l a t i n i c a c i d c a t a l y s e d r e a c t i o n (Scheme 1.6) 
[49] . 
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CH 2=CHC0 2Me< 
Scheme 1 . 6 









A comprehensive l i s t i n g o f rhodium and i r i d i u m complexes which 
c a t a l y s e h y d r o s i l a t i o n r e a c t i o n s has r e c e n t l y been p u b l i s h e d [5o]j . 
Higher s e l e c t i v i t y i s achieved u s i n g chromium hexacarbonyl r a t h e r 
t h a n c h l o r o p l a t i n i c a c i d as a c a t a l y s t ^51»52] . D i c o b a l t o c t a c a r b o n y l 
i s a l s o a v a l u a b l e c a t a l y s t . The r e a c t i o n p o s t u l a t e d i s one o f a d d i t i o n 
of Si-H across t h e Co-Co bond f o l l o w e d by o x i d a t i v e a d d i t i o n . A l t h o u g h 
a compound c o n t a i n i n g b o t h metals i s formed, t h e a c t u a l c a t a l y s t i s 
HCo(CO).. The r e a c t i o n i s re p r e s e n t e d s c h e m a t i c a l l y below [53~55] • 
R 3SiH + C o 2 ( C 0 ) 8 -> R 3 S i C o ( C 0 ) 4 + HCo(C0) 4 




Metal c a r b o n y l s a l s o c a t a l y s e c a r b o n y l a t i v e h y d r o s i l a t i o n r e a c t i o n s 
a c c o r d i n g t o e q u a t i o n 1.15 [ 5 6 , 5 7 ] . 
O + CO + Et 2MeSiH C o 2 ( C 0 ) 8 140°C, C.R\, 20hrs. 6 6 SiEt 2Me ( 1 . 1 5 ) 
I r o n p e n t a c a r b o n y l c a t a l y s e d h y d r o s i l a t i o n has been r e p o r t e d [58] and 
a l s o polymer supported t r a n s i t i o n m e t a l c a t a l y s i s [ 5 9 , 6 0 ] . 
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1.3 HYDROGERMYLATION 
The course o f r e a c t i o n i n h y d r o g e r m y l a t i o n appears t o r e f l e c t the 
p o l a r i t y o f the germanium-hydrogen bond. I t i s b e l i e v e d t h a t as the 
e l e c t r o n e g a t i v i t i e s o f germanium and hydrogen are ve r y s i m i l a r on 
the P a u l i n g s c a l e (2.01 and 2 .20 r e s p e c t i v e l y [61,62] ) then 
s u b s t i t u e n t s on the germanium have an i m p o r t a n t e f f e c t . Organic 
& „ S + 
s u b s t i t u e h t s cause p o l a r i t y o f the germanium-hydrogen bond ( C — G e ) 
and the e f f e c t i s o f t e n s t r o n g enough t o rev e r s e t h e p o l a r i t y o f the 
me t a l hydrogen bond [ 6 3 - 6 6 ] compared t o t h a t o f o t h e r metal h y d r i d e s . 
T h i s i s botfrn&out i n the examples below [ 6 3 , 6 7 ] . 
R R 
S t 3 G e - H + C = 0 > Et^GeO— C—H (1.16) 
R' R' 
R R 
S" 6+ \ I , 
Cl_Ge-H + C = 0 > C l . G e - C - 0 H (1.17) 3 / 3 I R1 R1 
An a l t e r n a t i v e e x p l a n a t i o n f o r the d i r e c t i o n o f a d d i t i o n im equations 
1.16 and 1.17 may be t h a t the form e r i s pr o c e e d i n g by a p o l a r mechanism 
and the l a t t e r by a f r e e r a d i c a l one. 
As w i t h h y d r o s i l a t i o n r e a c t i o n s , b o t h f r e e r a d i c a l and p o l a r 
mechanisms o p e r a t e . The f r e e r a d i c a l c h a i n mechanism i s s i m i l a r t o 
t h a t f o r the s i l i c o n h y d r i d e s and r e s u l t s i n r e t e n t i o n o f c o n f i g u r a t i o n 
a t t h e germanium atom [ 6 3 - 6 8 ] . T r a n s i t i o n metal c a t a l y s t s , m a i n l y 
H 2 P t C l Q . H 2 0 [19] and [(Ph P) RhCl] [69] , g i v e r i s e t o a s i m i l a r 
o x i d a t i v e a d d i t i o n pracess [ 7 0 ] t o t h a t f o r h y d r o s i l a t i o n . The 
r e s u l t a n t a n t i - M a r k o w n i k o v a d d i t i o n g i v e s l i n e a r adducts, a g a i n w i t h 
12 
r e t e n t i o n o f c o n f i g u r a t i o n a t the met a l atom [ 7 1 , 7 2 ] , The c a t a l y s t 
may a l s o change the course,as w e l l as the r a t e , o f r e a c t i o n as 
e x e m p l i f i e d below [ 7 0 ] by r e p l a c i n g c h l o r o p l a t i n i c a c i d by copper 
(scheme 1.8). 
H„PtCl r 
3u 3GeH + CH2 = C-CH2OH 
Me 
3 cheme 1.8 
-£ Bu3GeCH2CH(!;Ie)CH2OH 
— > Bu_Ge0CHoC=CH_ 
Gu, -H„ 3 2| 2 
Me 
The above c a t a l y s t s do not work w e l l w i t h t r i a r y l and d i a r y l h a l o -
germanes [ 7 3 ] . The m a j o r i t y o f h y d r o g e r m y l a t i o n r e a c t i o n s are 
performed i n t h e absence o f s o l v e n t . However, when n u c l e o p h i l i c o r 
p o l a r s o l v e n t s are employed t h e y may g i v e r i s e t o a change i n the 
course o f r e a c t i o n [ 7 4 - 7 7 ] and al s o i n c r e a s e the y i e l d . 
n e a t , 20 C 
Cl 2PhGeH + CH 2 = CH(CH2)8CHO-
Scheme 1.9 
-* Cl 2PhGe(CH 2) 1 0CHO 
MeN0 o, 55°C * Cl 2PhGeCHOH(CH 2) 8CH=CH 2 
I t has been suggested t h a t s t r o n g n u c l e o p h i l e s are able t o a b s t r a c t 
t h e hydrogen atom from the germanium h y d r i d e t o g i v e the s t a b l e g e r n y l 
a n i o n (R 3Ge~) which may t h e n take p a r t i n the r e a c t i o n [ 7 8 ] , 
13 
Apart from t h e i r r e a c t i o n s w i t h alkenes and alky n e s [2 , 7 4 , 7 9 , 8 0 J 
h y d r o g e r r a y l a t i o n s t u d i e s have been conducted on enynes [ 8 l ] , ketones 
[82 -84] , n i t r o n e s [85] , quinones [ 8 4 , 8 6 ] and ketenes [ 8 7 - 9 l ] » 
The c h e m i s t r y o f t r i c h l o r o g e r m a n e has a l s o been reviewed [ 6 7 ] . 
I t r e a c t s as i f i t were an e q u i l i b r i u m m i x t u r e ( e q u a t i o n 1 c 1 8 ) 0 
HGeCl 3 v s H +GeCl 3° ^ ^ GeCl 2 + HC1 (1 .18 ) 
The presence o f e t h e r causes t h e e q u i l i b r i u m t o be s h i f t e d t o t h e 
r i g h t hand s i d e by f o r m a t i o n o f complexes (RgOH* GeCl 3 ) which can 
ac t as a source o f the n u c l e o p h i l e GeCl 3 o r the ene GeCl^. 
Reactions i n v o l v i n g t h e l a t t e ^ p r o c e e d v i a a t h r e e membered h e t e r o c y c l i c 
i n t e r m e d i a t e which may e i t h e r be opened by the hydrogen h a l i d e t o g i v e 
compounds 1 . 1 and 1.3 o r be polymerised t o g i v e compounds 1.2 and 1.4. 
The r e a c t i o n s o f t r i c h l o r o g e r m a n e w i t h alkenes and alkynes are rep r e s e n t e d 
s c h e m a t i c a l l y below (schemes 1.10 and 1.11 r e s p e c t i v e l y ) . 
Cl„GeCH„CH_R 
H y d r o g e r m y l a t i o n 
CH2 = CHR 
(R = H) E t 2 0 
6 + 
H 2C-CH 2 V. 
ClgXGeCHgCHgGeCl 
( I . D 
double g e r m y l a t i o n 
--CR\CH, 
CI U 
( 1 . 2 ) 
CI n 
Scheme 1.10 
CH2 = CHGeCl 3 
+ Cl 3GeCII 2CH 2GeCl 3 
H C S C H 




Cl 2XGeCH=CKGeCl 3 






' ( 1 . 4 ) 
n 
X = C1,H 
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The proposed carbene mechanism i s supported by t h e f o r m a t i o n o f a 
h e t e r o c y c l i c p r o d u c t from b o t h t r i c h l o r o - and t r i b r o m o - germane w i t h 
b u t a d i e n e but n o t by th e r e a c t i o n w i t h p i p e r y l e n e [ 6 7 , 7 6 ] , 
CH 2=CH—CH = CH 2 + H6eX 3 
X=C1 
Br 




LleCH = CH—CH=CH 2 + HGeCl 3 ->StCH=CHCH 2GeCl 3 ( 1.20) 
M i r i n o v et a l [ 6 7 ] have a l s o prepared the germacyclopentene ( 1 . 5 ) from 
preformed Ge~Br2 and b u t a d i e n e . An a l t e r n a t i v e r o u t e t o t h i s compound 
may be a 1,4 a d d i t i o n o f the germanium d i h a l i d e t o t h e conjugated 
diene o r 1,2 a d d i t i o n f o l l o w e d by rearrangement [ 6 7 ] . A f r e e r a d i c a l 
mechanism f o r t h e double g e r m y l a t i o n r e a c t i o n i n t h e absence o f e t h e r 
i s r u l e d out on the grounds t h a t these p r o d u c t s are formed more 
r e a d i l y i n the presence o f e t h e r , i n which the e t h e r a t e has been shown 
t o be i o n i c f r o m the p r o t o n n.m.r. spectrum [ 6 7 ] . S i m i l a r c o n c l u s i o n s 
were drawn by Nefedov et a l [ 9 2 - 9 6 ] f o r t h e above systems. 
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1.4 HYDROS TANNATION 
U n s a t u r a t e d species undergo h y d r o s t a n n a t i o n by b o t h organo and 
halogeno t i n h y d r i d e s . Reactions i n v o l v i n g the fo r m e r are discussed 
i n t h i s s e c t i o n and those o f the l a t t e r i n chapter 2 . 
H y d r o s t a n n a t i o n by O r g a n o t i n Hydrides 
O r g a n o t i n h y d r i d e s o f g e n e r a l f o r m u l a R^ xSnH x (R = a l k y l , a r y l ; 
x = 1-3) can r e a c t i n h y d r o s t a n n a t i o n r e a c t i o n s b ut as x in c r e a s e s the 
h y d r i d e s become t h e r m a l l y l e s s s t a b l e . T h i s l i m i t s the use o f c e r t a i n 
h y d r i d e s t o r e a c t i o n s n ot r e q u i r i n g l o n g h e a t i n g p e r i o d s . S e v e r a l 
r e v i e w a r t i c l e s have been p u b l i s h e d [97,98] s i n c e t h e f i r s t r e c o r d o f 
hydros t a n n a t i o n [99] . 
H y d r o s t a n n a t i o n r e a c t i o n s across alkenes g i v e good y i e l d s a t moderate 
temperatures (60-80°C) [lOO] and i n many cases i n t h e absence o f a 
c a t a l y s t j l 0 1 J . T e r m i n a l alkenes and those a c t i v a t e d by e l e c t r o n -
w i t h d r a w i n g s u b s t i t u e n t s are the most r e a c t i v e . The r o l e o f t h e 
f u n c t i o n a l group i n f a c i l i t a t i n g a d d i t i o n i s demonstrated by t h e 
d i f f i c u l t y o f h y d r o s t a n n a t i o n i n t h e i r absence. 
Me^nH + CH 2=CHR > Me^nCHgCHgR ( 1 . 2 1 ) 
R = a l k y l 2% 
The h y d r o s t a n n a t i o n o f n o n - t e r m i n a l alkenes r e s u l t s i n the o r g a n o t i n 
group becoming a t t a c h e d t o t h e l e a s t s t e r i c a l l y crowded carbon atom [99 ,10i 
S t r a i n e d i n t e r n a l a lkenes, such as norbornadiene [102] undergo 
h y d r o s t a n n a t i o n [ l 0 3 ] c o n t r a r y t o e a r l y r e p o r t s [ 9 7,104]. 
A r y l t i n h y d r i d e s are more r e a c t i v e t h a n the a l k y l analogues. Also 
mono-hydrides are more r e a c t i v e than d i h y d r i d e s as i l l u s t r a t e d below 
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where the i n t e r m e d i a t e monohydride r e a c t s more r e a d i l y than t h e 
d i h y d r i d e [97] . 
CH2=CHC02Me 
Pr 0SnB, + CH = CHCO'Me > Pr oSnCH oCH oC0-Me 
d 2 d d | d d d 
H 
-» Pr 2Sn(CH 2CH 2C0 2Me) 2 
(1.22) 
I n s p i t e o f t h e i r low th e r m a l s t a b i l i t y , t h e t r i h y d r i d e s Bu SnH^ and 
Bu^SnH w i l l g i v e h y d r o s t a n n a t i o n r e a c t i o n s [l01,104-]. 
Bu SnH + 3CH2 =CHC02He -> Bu Sn(CH 2CH 2C0 2Ke) 3 (1.23) 
I t i s p o s s i b l e t h a t i n the above r e a c t i o n s t h e r e a c t i v i t y o f t h e 
h y d r i d e i s a f f e c t e d by c o o r d i n a t i o n o f th e ca r b o n y l oxygen t o t h e t i n 
atom. 
I t was o r i g i n a l l y b e l i e v e d t h a t h y d r o s t a n n a t i o n occurs by a p o l a r 
mechanism [99,101,105,106] because o f the e f f e c t o f s o l v e n t p o l a r i t y on 
the r e a c t i o n r a t e and because r a d i c a l i n i t i a t o r s and scavengers 
appeared t o be i n e f f e c t i v e , u n t i l i n 1961 3\Teumann proved o t h e r w i s e 
[107,108], I n f a c t almost any alkene w i l l r e a c t when c a t a l y s e d by 
r a d i c a l sources. The r a d i c a l c h a i n mechanism i s s i m i l a r t o t h a t f o r 
h y d r o s i l a t i o n [97,98,107,109-11l] (scheme 1.1), The s i t e o f a t t a c k i s 
governed by th e r e l a t i v e s t a b i l i t y o f t h e p o s s i b l e r a d i c a l s thus 
formed, t e r t i a r y r a d i c a l s b e i n g most s t a b l e , as i l l u s t r a t e d i n t a b l e 1.2, 
Table 1.2 
H y d r o s t a n n a t i o n o f Sel e c t e d I n t e r n a l Alkenes and Te r m i n a l D i s u b s t i t u t e d 
Alkenes by Me SnH t o I l l u s t r a t e the P r e f e r r e d S i t e o f A t t a c k [ n o ] . 
Alkene R a d i c a l Product (% Y i e l d ) 
EtCH=rCMe 2 Me 3SnCH(Et)CMe 2 Me 3SnCH(Et)CBMe (5D 
H 2C= CEt 2 Me^SiiCH 2CEt 2 ffie3SnCH2CH(Et)2 ( 9 1 ) 
H2C = C(Me)CHMe2 Me 3SnCH 2 C (Me) CHMe 2 Me 3SnCH 2CH(Me)CHMe 2 (98) 
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H y d r o s t a n n a t i o n r e a c t i o n s may be c a t a l y s e d by f r e e r a d i c a l 
i n i t i a t o r s , u l t r a - v i o l e t l i g h t , t r i a l k y l aluminiums and by cho i c e o f 
s o l v e n t , 
( a ) C a t a l y s i s by f r e e r a d i c a l i n i t i a t o r s 
The h y d r o s t a n n a t i o n of alkenes can be c a t a l y s e d by a z o b i s i s o b u t y r o -
n i t r i l e (AIBN) and the co r r e s p o n d i n g e s t e r s , benzyl h y p o n i t r i t e , 
phenyl a z o i s o b u t y r o n i t r i l e and o t h e r f r e e r a d i c a l sources. T h i s 
reduces the time and temperature(30-80°C) o f the r e a c t i o n , as 
i l l u s t r a t e d i n t a b l e 1.3. Al s o the h y d r o s t a n n a t i o n o f n o n - a c t i v a t e d 
alkenes, which o t h e r w i s e do n o t r e a c t , [104,107] i s now p o s s i b l e . 
Table 1.3 
Some H y d r o s t a n n a t i o n Reactions o f Et^SnH a s s i s t e d by Free R a d i c a l 
I n i t i a t o r s 
Alkene C a t a l y s t Conditions % Y i e l d Ref. 
CH=CH(CH 2) 8C0 2Et a 40-50°C, 50hrs 78 [108] 
CH = CHCO^.Ie b 40°C, 2.5hrs 93 [97,104] 
Dos] 
CH — CHC=N a 60°C, 86 [97,104] 
C. c 40-50 C, 1.5hrs 79 [108] 
CH 2 = CH(CH 2) 5Me d 80-90°C, 78hrs 98 [108] 
a = AIBN; b = d i e t h y l a z o - b i s - i s o b t y r a t e ; c = benzy l h y p o n i t r i t e ; 
d = phenyl azo t r i p h e n y l m e t h a n e 
Also r e a c t i o n s t h a t are c a t a l y s e d by AIBN are not c a t a l y s e d by 
c h l o r o p l a t i n i c a c i d o r p l a t i n i s e d carbon [97,106]. The c a t a l y s t may 
a l s o a l t e r the course of r e a c t i o n , as demonstrated i n scheme 1.12 [1083 
no c a t a l y s t 
CH„ =CH0CMe + Et.SnH 2 II 3 
Scheme 1.12 
-> CH 2=CH 2 [112] 
AIBN -> Et3SnCH2CH2OCMe 
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(b) C a t a l y s i s by u l t r a - v i o l e t l i g h t 
Both t i n - c a r b o n and t i n - h y d r o g e n bonds are cleaved by u.v. l i g h t 
o f wavelength; 
"X ^ 400nm, i . e . energy ^ 2 9 3 K J mo\ [113] 
I t can t h e r e f o r e i n i t i a t e such r e a c t i o n s [ l 1 4-118]. For d i s u b s t i t u t e d 
t e r m i n a l alkenes where no r e a c t i o n occurs i n t h e absence o f a c a t a l y s t , 
and even w i t h AIBH t h e r e a c t i o n i s u n s a t i s f a c t o r y , u.v. i r r a d i a t i o n 
c a t a l y s e d r e a c t i o n s proceed more smoothly and w i t h good y i e l d s . Due t o 
the e f f i c i e n t c a t a l y t i c e f f e c t o f u.v. i r r a d i a t i o n t h e h y d r o s t a n n a t i o n 
of s i m p l e hydrocarbon and f l u o r o c a r b o n alkenes has been s t u d i e d . As 
a r e s u l t t h e f i r s t f l u o r o c a r b o n o r g a n o m e t a l l i c compound from a 
f l u o r o a l k e n e and a metal h y d r i d e was s y n t h e s i s e d [jl 19] • 
Bu 2SnH 2 + 2 CP = C P 2 90°C, 4h r s y B u Sn(CF CWI) (1.24) 
u.v. l i g h t 2 
By comparison, the mono adduct o n l y was o b t a i n e d by C l a r k e t a l [ l 1 & ] . 
I n c e r t a i n cases d i o r g a n o t i n d i h y d r i d e s w i l l r e a c t w i t h simple 
alkenes i n the dark a t a reasonable r a t e [ l 16,117] but u.v. i r r a d i a t i o n 
always a c c e l e r a t e s t h e r e a c t i o n . Thermal a s s i s t a n c e g i v e s f u r t h e r 
a c c e l e r a t i o n . As a r e s u l t b o t h mono- and d i - adducts a r e formed. 
u.v. l i g h t 
5 0 h r S ' 2 5 ° ° ^ 22 . 4% - 4 ( £ (1 . 2 5 ) 
C F 2 = C F 2 + Me 2SnH 2 » IflegSndOCFgCFgH + I£e 2Sn(CF 2CF 2H) 2 
The p r o p o r t i o n of mono and d i - adducts produced depends on the mol a r 
r a t i o o f s t a r t i n g m a t e r i a l s b u t t h e t o t a l y i e l d i s u n a f f e c t e d [116,117]. 
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Stepwise a d d i t i o n o f t h e t i n d i h y d r i d e occurs as shown s c h e m a t i c a l l y 
f o r t e t r a f l u o r o e t h y l e n e (scheme 1 . 1 3 ) . 
Me2SnH + CF ? = C F 2 > MegSnOOCPgCFgH 
2 Me 2Sn(H)CP 2CF 2H > Me 2Sn(CF 2CF 2H) 2 + MegSnHg 
o r 
Me 2Sn(H)CP 2CP 2H + C F 2 = CP 2 >Me 2Sn(CF 2CF 2H) 2 
Scheme 1.13 
I n cases where o n l y the d i a d d u c t i s formed t h e r e i s good evidence f o r 
the t r a n s i e n t e x i s t e n c e o f t h e mono adduct [116 , 117J . For simple 
alkenes t h e mono-adduct i s l e s s s t a b l e t h a n the d i - a d d u c t . The 
o r g a n o t i n f l u o r o a l k a n e s are v e r y u n s t a b l e and consequently decompose 
t o t h e s t a b l e i n e r t f l u o r i d e s [116] . 
Me 2SnH(C 2P 2H ) > MegSnHP + CH 2=CHF ( 1 . 26 ) 
x2 
Me 2SnH + HegSnPg 
The r e a c t i o n mechanism f o r t h e h y d r o s t a n n a t i o n o f f l u o r o a l k e n e s appears 
t o be f r e e r a d i c a l , a l t h o u g h a f o u r c e n t e r t r a n s i t i o n complex has n o t 
been excluded. 
( c ) C a t a l y s i s by t r i a l k y l alZuminium compounds 
A hydrogen atom o f an o r g a n o t i n h y d r i d e and an a l k y l r e s i d u e f r o m 
a t r i a l k y l aluminium c a t a l y s t are exchanged v i a a t r a n s i t i o n s t a t e ( 1 . 6 ) 
[120] w h i c h takes advantage o f t h e e l e c t r o n d e f i c i e n c y o f the aluminium. 
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R^SnH + R 3 A 1 > R ^ n A1R 2 > R ^ n +HA1R2 (1.27) 
* (1.6) 
The f i r s t hydrogen atom o f the d i - and t r i - h y d r i d e s r e a c t s most 
r e a d i l y and o n l y one a l k y l group p e r aluminium compound can be r e p l a c e d 
by hydrogen [ l 2 1 , 1 2 2 ] . The a l k y l groups a t t a c h e d t o the two metals 
should correspond t o the alkene o t h e r w i s e p r e f e r e n t i a l displacement o f 
unwanted groups may occur. Upon a d d i t i o n of an °c alkene t o 1.6 the 
o r i g i n a l t r i a l k y l aluminium compound i s r e g e n e r a t e d , the n e t r e s u l t 
being h y d r o s t a n n a t i o n of the al k e n e . 
R'CH=CII2 
R f C l I = C I I 2 + HAKCI^CI^R' ) 2 > (R « C n 2Cfi 2) A l » (R' CK^CH^Sn (1.2 
D i a l k y l aluminium h y d r i d e s , l i t h i u m aluminium h y d r i d e and e t h e r 
f r e e aluminium t r i h y d r i d e s [ l23, 1243 may a l s o be used. 
(d) The e f f e c t o f s o l v e n t 
The p o l a r i t y o f the s o l v e n t a f f e c t s i o n i c , but not f r e e r a d i c a l 
r e a c t i o n s [97, 100, l O l ] as e r p e c t e d . 
( e ) Reactions under pressure 
The h y d r o s t a n n a t i o n of alkenes has a l s o been performed under h i g h 
p r e s s u r e [125] and occurs by a n t i - a d d i t i o n . The r e s u l t may be a 
h i g h e r y i e l d of p r o d u c t ( e q u a t i o n 1.29) [ l25 , 126"] o r a change i n t h e 
course o f r e a c t i o n ( e q u a t i o n 1 .30) [ l 2 5 , 1 2 7 ] , 
Ph + Bu^SnD 
1 atm, 180 C, 64hrs 
10 Kbars, 50°C, 64hrs 
( 1 . 2 9 ) 
SnBu, 
+ Bu^SnH 
SnBu. 3 SnBu, 
( 1 . 3 0 ) 
1 atm, AIBN, 100ft 
24hrs, 70-200°C 
14 Kbar, 3% 
24hrs, 55°C 
97ft 
O r g a n o t i n h y d r i d e s are more r e a c t i v e towards alkynes r a t h e r than 
alkenes. The r e a c t i o n can t h e r e f o r e be c o n t r o l l e d t o stop e i t h e r a t 
the v i n y l o r g a n o t i n compound (1.7) o r a f t e r f u r t h e r h y d r o s t a n n a t i o n , 
a t the d i a d d u c t ( 1 . 8 ) . 
R SnH 
R-jSnH + HCHCR' 4 R SnCH=CHR» 
(1.7) 
-> R SnCHgCHR'SnR 
(1.8) 
( 1 . 3 D 
I t was o r i g i n a l l y suggested t h a t f o r mono s u b s t i t u t e d a lkynes 
1,2 t e r m i n a l a d d i t i o n occurs [100,104,112,128]. 
Me I 








However, Leusink e t a l [129] proved o t h e r w i s e f o r cyanoethylene; 
R^SnH + HC = CC =E 
R = Me,Et,Bu 
H N ^SnR 
H C= IT 
( 1 . 3 3 ) 
A d d i t i o n t o d i - s u b s t i t u t e d alkynes y i e l d s m a i n l y the t r a n s adduct [130], 
R^SnH + Et0 2C=C = C-C02Et 
Et0 oC 3nR 0 2 \ / 3 
—> c = c / \ 
H C0 2Et 
\ / S n E 3 
/ C - C 
Et0 2C C0 2Et 
( 1 . 3 4 ) 
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The g e n e r a l e q u a t i o n below a p p l i e s t o mo n o - s u b s t i t u t e d a l k y n e s ; 
R^SnH + HC^CR' 
H SnR_ 
v ^ / 3 







C = C 
/ \ R Sn R« 
c i s - p adduct 
(1.10) 
R,Sn H 
3 \ ' , 
+ C = C (1.35) / \ 
H R" 
t r a n s - p, adduct 
( 1 . 1 1 ) 
S t r o n g l y e l e c t r o n w i t h d r a w i n g s u b s t i t u e n t s (CO^RjCN) f a v o u r the 
f o r m a t i o n of the n o n - t e r m i n a l adduct ( 1 . 9 ) . Conversely, e l e c t r o n 
r e l e a s i n g s u b s t i t u e n t s (Br,OEt) and weakly e l e c t r o n w i t h d r a w i n g 
s u b s t i t u e n t s (Cll^OIIjPh) y i e l d m a i n l y c i s - and t r a n s - p> adducts 
( I . 1 0 and I . 1 1 ) [ 1 3 0 ] . The l a t t e r case a l s o a p p l i e s t o d i s u b s t i t u t e d 
a lkynes w i t h both an e l e c t r o n w i t h d r a w i n g and r e l e a s i n g s u b s t i t u e n t [131] 
These t r e n d s are t a b u l a t e d below ( t a b l e 1.4) 
Table 1.4 
The h y d r o s t a n n a t i o n of s e l e c t e d m o n o s u b s t i t u t e d alkynes t o show the 
e f f e c t of s u h s t i t u e . i t (R* ) o-: the alk y n e on the r a t i o o f isomers, 
Q< : c i s |3 : t r a n s p D-303 ( e q u a t i o n 1.35). 
R'C==CH; R' = R 3SniI; R = R a t i o 
C0 2Et Me 67 : 25 8 
C=N Me 100 : 0 0 
Bu Ph 0 : 85 : 15 
OEt Ph 0 : 97 3 
CH ?0II Ph 5 : 45 : 50 
Ph Et 0 : 70 30 
Ph 0 : 23 : 72 
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The <=< adduct i s b e l i e v e d t o be formed m a i n l y by an i o n i c mechanism 
[1323 . A r a d i c a l mechanism leads t o the c i s y6 adduct [133], 
isomerism o f which r e s u l t s i n the t r a n s p adduct [ l 3 4 ] I . 
Trie p o l a r mechanism Scheme 1.14 [l32] c o n s i s t s of the n u c l e o p h i l i c 
a t t a c k of the h y d r i d e hydrogen on the alkyne t o generate an 
o r g a n o t i n c a t i o n ana a v i n y l c a r b a n i o n which add t o g e t h e r i n a t r a n s 
manner r a t h e r than proceeding v i a a f o u r c e n t r e t r a n s i t i o n s t a t e 
i n which bond mazing and b r e a k i n g occur s i m u l t a n e o u s l y . 






R 3Sn R SnR. \ / 3 
/ \ 2 H R 
Conversely t h e f r e e r a d i c a l mechanism proceeds v i a an o r g a n o t i n v i n y l 
r a d i c a l t o g i v e the c i s p adduct which i s co n v e r t e d t o the t r a n s p 
adduct by a t r i a l Icy 1 s t a n n y l r a d i c a l induced r e a c t i o n . 
H H H H R _Sn K 
\ / v I I 3 \ / R,Sn« + C=C ^ R 0 S n - C — C « ^ C = C + R-sSn* 
3 1 / \ 2 3 1 I ' 2 * / \ 2 R 3Sn R R 3Sn R H R 
c i s t r a n s 
Scheme 1.15 
I t i s a l s o p o s s i b l e t o s a t u r a t e the v i n y l t i n p r o d u c t s by f u r t h e r 
h y d r o s t a i i n a t i o n r e s u l t i n g i n a d i - a d d u c t . A f?,o< adduct would be 
erpected f o r minimal s t e r i c h i n d r a n c e [97, 135, 136J . 
R SiiII R Snh 
EC SCR' > R,SnCH=CHR' ) R,SnCK0CHR'SnR, (1.36) 
p adduct pfi adduct 
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However, i t i s a l s o p o s s i b l e f o r pp> , j*0*- and p adducts t o be 
formed [ l 3 6 , 137] and i t i s claimed t h a t j±p> adducts predominate j j L 3 5 j . 
A l k y n y l d e r i v a t i v e s of t i n and o t h e r metr-ls undergo h y d r o s t a n n a t i o n 
t o y i e l d compounds c o n t a i n i n g two metal atoms j o i n e d t h r o u g h a v i n y l 
group [138, 1 3 9 ] . 
Bu^SnK + HC = CI'13u3 » Bu^nCH = CTE.".Bu (1.37) 
!.' = Sn.Ge. 
Products w i t h a b r i d g e o f carbon atoms between two R^Sn groups 
[ l O l , 10fi] are formed by the h y d r o s t a n n a t i o n of di e n e s . By 
comparison conjugated dienes y i e l d 1,4 and 1,2 inono adducts, o f which 
the former predominate. T h i s again i s r a t i o n a l i s e d i n terms o f a f r e e 
r a d i c a l mechanism which w i l l o b v i o u s l y proceed v i a the most s t a b l e 
i n t e r m e d i a t e r a d i c a l [ l 3 S ] . S i m i l a r i l y the h y d r o s t a n n a t i o n o f 
a l l e n e s has a l s o been s t u d i e d [ l 3 S , 140] 
S t e r i c a l l y favoured t e r m i n a l dienes such as o - d i v i n y l - and o - d i e t h y n y l -
benzene l e a d t o m e t a l l o c y c l e s and polymers [141-143J. 
OO H=CH C.H Et ( 1 . 3 8 ) + EtPhSnH Sn N (10%) 100 c Ph CH= CH 
Ph Et 
s ^n 










l-Ctanna cyclohexa 2,5 diene i s a u s e f u l i n t e r m e d i a t e i n the 
p r e p a r a t i o n of c e r t a i n benzene h e t e r o c y c l e s [l44-146~|. 
MX. 
+ Bu 2SnH 2 
Bu, 
(1 .39) 
The p r e p a r a t i o n of l i n e a r h e t e r o polymers by the b y d r o s t a n n a t i o n 
o f o^ w d i e n e s , ethynes and o^oa diynes by d i o r g a n o t i n d i h y d r i o e s i s 
a u s e f u l r o u t e t o o r g a n o m e t a l l i c polymers w i t h m o l e c u l a r weights 
r a n g i n g from 45,000 t o 100,000 ( e q u a t i o n s 1.40 t o 1.42) [106,147-149] 
— > -fSn ( R 2 ) CK2 CH 2XGIi 2CH 2-J- n 
X = CgH^, OCOCH2CH2OCO, R' 2Sn, R'2Ge, R ^ S i [149] 
R SnH + H C = CH}'.CH=C1I 
d d d d 
(1.40) 
P r 2 S n I I 2 + HC=CPh » - [ 3 n ^ P r 2 ^ C n 2 C H ^ P h ^ 5 " n ^ 1 5 <^ (1.41) 
R0SnII„ + KC=C;:C=CH » 4sn(R„)CH = CID1CH = CH~\- j l l 2 , 150 I (1.42) 
d d i- c -' n L 
1.13 
The s u b s t i t u e n t s R on the t i n atoms have a marked e f f e c t on the 
p r o p e r t i e s of the polymer. The polymer from 1,5 hexadiene and 
d i p h e n y l t i n d i h y d r i d e i s a ru b b e r l i k e e l a s t i c s o l i d whereas those from 
a l k y l t i n d i i i y d r i d e s w i t h 1,5 hexadiene are viscous l i q u i d s [ l 5 0 j which 
upon h e a t i n g become more rubb e r y . The paraphe.iylene l i n k i n the 
polymer d e r i v e d f r o m paraphenylene b i s - ( d i m e t h y l t i n h y d r i d e ) and 
d i p h e n y l - t i n d i h y d r i d e causes enhanced r i g i d i t y of the polymer backbone [149] 
P o l y m e r i s a t i o n a l s o occurs i n the t r i a l k y l aluminium c a t a l y s e d 
h y d r o s t a n n a t i o n o f p o l y - u n s a t u r a t e d species by d i a l k y l t i n d i h y d r i d e s [ l 2o ] . 
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AIR 
n H2C = CI-I(CII 2) 4CH=CH 2 + n Bu 2SnH 2 -|-(CH 2) 8Sn(Bu 2 ) - J - ^ ( 1 .43 ) 
P a r t i a l l y o r f u l l y c r o s s - l i n k e d polymers are ob t a i n e d from t r i h y d r i d e s 
such as the i s o b u t y l d e r i v a t i v e [104 ,107 ,108 ,12o] , Polymerism can be 
s e r i o u s l y impeded by c y c l i s a t i o n r e a c t i o n s which are minimised by 
c a r e f u l choice o f group 'X' i n 1.12 and 1 . 1 3 . Consequently, h i g h 
m o l e c u l a r weight polymers are formed when 'X' i s C^H^ and 
[148 , 149] . The pr o d u c t s o f c y c l i s a t i o n are c h i e f l y bimetallocyclohexan.es 
[135, 148, 151] . 
Ph„SnH_+PhJI(CH=CH_)_ > Sn M (1.44) " " 2 ' 2 
PhgK = X i n e q u a t i o n 1.40 
M = Ge.Si 
/ \ / X Ph \ ' Ph 
(1.14) 
The h y d r o s t a n n a t i o n of v i n y l germanes and s i l a n e s almost e x c l u s i v e l y 
y i e l d s the c y c l i c p r o d u c t , v e r y l i t t l e p o l y m e r i c p r o d u c t being 
o b t a i n e d , c o n t r a r y t o e x p e c t a t i o n . 1,4 d i s t a n n a c y c l o h e x a n e cannot be 
s y n t h e s i s e d by t h i s method. Attempts t o prepare the l e a d analogue o f 
1 .14 gave o n l y m e t a l l i c l e a d [ l 5 l ] . 
The h y d r o s t a n n a t i o n of cyclopropanes and butanes i n f r e e r a d i c a l 
c o n d i t i o n s i s a means o f r i n g opening. However, the r i n g remains 
i n t a c t i n p o l a r c o n d i t i o n s . T his i s i l l u s t r a t e d i n scheme 1 .16 
[125, 152 -157] . 
A I M o r u.v. n 
Bu SnH 
-Me -
CH,CII0CH=CMe + CP, CII.CHCMe 3 2 | 3 2 j 
Bu^SnO Bu^Sn 
» V 7 CHMe + v — j — CKXSe 
tfeOH 65°C V I V I i. un, D ) u v 0 S n B u V 0 H 
Scheme 1.16 3 
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The r e a c t i o n s o f t i n h y d r i d e s w i t h c a r b o n y l compounds are 
summarised i n t a b l e 1 .5. 
Table 1.5 
Reactions o f T i n Hydrides w i t h Carbonyl Compounds 
Carbonyl Compound R 4_ zSnH y Product(s) Ref. 
1 2 
R R C = 0 
1 
R may be H 
R^SnH 
RgSnH2 
R SnOCHR1R2 * 
or 
R^SnSnR^ + HOCHR R 
R 2Sn(H)OCHR 1R 2 * 
o r 





2 R 'C0 2H RgSnH 
2 R 2SnH 2 
R 2Sn(0C0R') 2 + 2 H 2 
R 0Sn—SnR n 
i 1 2 R'COO OOCR' 
f l73-
176] 











R ,N= C = S R^SnH R'-H= CH-S-SnR^ * [182-
186] 
h y d r o s t a n n a t i o n r e a c t i o n s 
The h y d r o s t a n n a t i o n 01 aldehydes and ketones l e a d t o an a l k o x i d e 
or a c a r b i n o ] and e x c l u s i v e c o n v e r s i o n occurs i n t h e absence of a 
c a t a l y s t [97, 153 - 160, 1 7 2 ] . The r e d u c t i o n of a ca r b o n y l compound may 
be c a t a l y s e d by a sm a l l amount of a d i a l k y l t i n d i h a l i d e , §-70, 172], 
by r a d i c a l i n i t i a t o r s (AIBK [ l 5 5 , 161, I 6 7 J , u.v. i r r a d i a t i o n [ l l 4 f l 6 6 j ) 
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and by ZnCl [ l 5 5 , 1 6 1 , 1 6 7 J . i . i g c n a n i s t i c s t u d i e s snow t n a t the 
r e a c t i o n may f o l l o w a r a d i c a l [ 1 6 3 , 1 6 6 , 1 6 7 ] o r p o l a r [97 ,16a] 
mechanism. The c a t a l y t i c r o l e of the Lewis a c i d ZnCl„ and 
2 
weak ac i d s such as methanol and phenol [ l 6 7 ] i s p r o b a b l y t o i n c r e a s e 
the e l e c t r o p h i l i c c h a r a c t e r of the c a r b o n y l carbon atom and ia?-i:e i t more 
s u s c e p t i b l e t o n u c l e o p h i l i c a t t a c h as i l l u s t r a t e d below (1 .15 and 1 . 1 6 ) . 
R2C = 0 . ZnCl 2 < » R 2C + 0~ Z n C l 2 1.15 [167] 
-Sn I; C 0 Zn 1.16 [169] 
L t r o n g l y e l e c t r o p h i l i c c a r b o n y l compounds g i v e b o t h mono-
and d i a d d u c t s [ 1 ^ 9 ] . 
RCJIO + I.ie^Snh > I,:eo3n0CHnR + I.:e-Sn-0CH-0CHoR ( 1 . 4 5 ) 
j> 3 2 3 l 2 
R 
R = C1,C 30. 70, 
C^ 'V 70',. 25>-
O 'j 
The alkene bond i n d. p u n s a t u r a t e d c a r b o n y l compounds i s 
u s u a l l y u n a f f e c t e d [ l 5 S l . 
The h y d r o s t a n n a t i o n of a c i d h a l i d e s proceeds v i a a f r e e r a d i c a l 
mechanism w h i l s t the r e a c t i o n s i n v o l v i n g isocyanates' and i s o t h i o c y a n a t e s 
f o l l o w s a p o l a r mechanism. A t i n - s u l p h u r bond, i s formed i n t h e 
r e a c t i o n w i t h i s o t h i o c y a n a t e s but no analogous tin-oxygen, bond 
from i s o c y a n a t e s . T ^ i s a r i s e s because o f the c a p a c i t y of s u l p h u r 
o n l y t o f a c i l i t a t e back d o n a t i o n of e l e c t r o n s from trie t i n atom i n t o 
a low energy 'a' o r b i t a l [ l 3 c ] and thus form a s t r o n g e r bond. 
Azometliines , ( i n c l u d i n g i s o c y a n a t e s ) undergo hydros t a n - i a t i on 
[ l 0 7 , 1 0 8 , l 6 l , 1 8 7 ] i n the presence of Sine c h l o r i d e t o g i v e p r o d u c t s 
w i t h a t i n - n i t r o g e n bond w h i l s t h y d r o g e n a t i o n occurs i n the absence of 
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the c a t a l y s t [ l 6 l ] , 
Ph „ Ph \ ZnCl / 
C = lTPh + R^nH > PhCK 2—N (1.46) 
H SnR^ 
R = E t , Ph 
I n the h y d r o s t a n n a t i o n o f cyanoethyne [ l 2 9 j d icyanoethyne [ l 3 o ] 
and a c r y l o n i t r i l e [S,104,108,188] the n i t r i l e group i s u n a f f e c t e d . 
Both «• and padducts are formed from a c r y l o n i t r i l e by p o l a r and f r e e 
r a d i c a l mechanisms r e s p e c t i v e l y . 
R.Snh + CII =CHC = i ; » R_SnCIIC=;: + R-SnCH Cii C=1T (1.47) 
j <- 3 j J <- <-
c n 3 
c< adduct fJ adduct 
However, the h y d r o s t a n n a f i on of conjugated n i t r i l e s where the alkene 
bond i s s u f f i c i e n t l y p o l a r i s e d , such as a l k y l i d e n e m a l o n o n i t r i l e s , 
r e s u l t s i n a d d i t i o n across the cyanide group t o f o m I - r-staimyl 
k e t e n i m i n e s [189] . 
R'IIC=C + R_SnII » RCH„C = C = H—SnS, (1.48) 
\ 3 2, 3 
CSH C=H 
Also t r i o r g a n o t i n h y d r i d e s are extr e m e l y r e a c t i v e towards an azo 
of 
bond t o g i v e d e r i v a t i v e s ^hydrazine [ 1 9 0 ] . I n the presence of e;xe; 
n y d r i d e i i y d r o s t a n o l y s i s occurs (scheme 1.17). 
benzene, r e f l u x 
Ph Sni: + PhN=riPh-
Ph.Sn H 
3 \ / 
IT—N 
/ \ Ph Ph 
> Ph SnSnPh + PhNH-NHPh 
excess Ph„3nH ^ i 
Scheme 1.17 
The n i t r o g e n - n i t r o g e n double bond i n azo-bis i s o b u t y r o n i t r i l e 
(AIDH) and phenyl azo-bis i s o b u t y r o n i t r i l e are n o t a f f e c t e d by 
t r i e t h y l t i n h y d r i d e [107^. 
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1.5 HYDRO FLin.'D'J/iTl Oil 
The low t h e r m a l s t a b i l i t y of the l e a d h y d r i d e s p a r t i c u l a r l y 
those w i t h s m a l l a l k y l groups, makes them more d i f f i c u l t t o han d l e , 
but a l s o a f f o r d s h y d r o p l u m b y l a t i o n r e a c t i o n s a t low temperature and 
w i t h o u t the a i d of a c a t a l y s t . The scope of h y d r o p l u m b y l a t i o n 
r e a c t i o n s i s r e p r e s e n t e d below (equations 1.48 t o 1.51) 
3u Pb l l + CJI =CHR > Bu PbCH CH R. f l 9 l ] (1.48) 
R = Ph,CN,C0nT:e 
c 
PMCO + 33u,PbH } PhJICHO > (PhilCO)- + Ph.Pb 0 [ l 9 l ] (1.49) 
J | J b d L 
PbBu 3 
Bu.PbH + H=C-C—CH » 3u_PbII =C=C-CI1„ [1921 (1.50) 
3 | | 3 | | 2 L J 
CN R CNR 
„ n o p H ,FbI.:e, H I I Me_Pb K -70 C \ / 3 \ / 3 \ / 
Iue„PbK + C I I = C - C = U > C = C + C = C + C = C 
3 / \ /' \ / \ 
H CII I.:e3Pb CN H CI." 
oc c i s - p, t r a n s - p 
[193, 194] (1.5D 
The r e a c t i o n w i t h cyanoethylene leads t o t h e oCand ( c i s - and t r a n s - ) 
| i adducts by both p o l a r and f r e e r a d i c a l mechanisms, which occur 
s e p a r a t e l y but s i m u l t a n e o u s l y i n a s i m i l a r manner t o t h a t discussed 
i n the previous s e c t i o n f o r t'-e h y d r o s t a n n a t i o n of a l k y n e s . 
CHAPTER 2 
THE REACTION BETWEEN TIN ( I I ) CHLORIDE AND HYDROGEN CHLORIDE 
IN DIETHYL ETHER AND ITS USE IN ORGAMQT.IETALLIC SYNTHESIS. 
2.1 I n t r o d u c t i o n 
Species t n a t behave as "HSnXy, though r e a l l y LH+SnX^~ 
(where L i s a Lewis base) may be employed f o r h y d r o s t a n n a t i o n 
r e a c t i o n s and are prepared from L ( t y p i c a l l y Et^O), HX and 
SnX^ [ l , 2 j . L i k e w i s e species t h a t behave as "HpSnX^" can 
bG used and are prepared from Sn and HX i n Et^O [ 3 ] ° 
Halostannane completes may also be prepared by r e d u c i n g the 
t i n ( I I ) h a l i d e by l i t h i u m aluminium h y d r i d e i n e t h e r o r i n an 
amine [ 4 , 5 ] . The forme r methods are the s u b j e c t o f d i s c u s s i o n 
i n t h i s s e c t i o n , f o l l o w e d by a s h o r t review o f t h e i r subsequent 
r e a c t i o n s which are represented g e n e r a l l y i n equations 2.1 t o 2.3. 
HC1 + S n C l 2 + R 1R 2C = CR 3R 4 E t ? ° ; CI ^ SnCR 1R 2nHR 3R 4 (2.1) 
2HC1 + Sn + 2R 1R 2C = C R 3 R 4 _ £ ^ 2 ^ C l 2 S n ( C R 1 R 2 C H R 3 R 4 ) 2 (2.2) 
3HC1 + Sn + R 1R 2C=CR 3R 4 _ ^ 2 ^ _ > C 1 SnCR 1R 2CHR 3R 4 (2.3) 
-H 2 
1 2 3 R ,R ,R = H or Me 
R 4 = C-R5 (see t a b l e 2.1) 
0 
I n the r e a c t i o n s discussed i n chapters 3 t o 7 h y d r o s t a n n a t i o n 
i s performed by the product of r e a c t i o n s between t i n ( I I ) c h l o r i d e 
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and hydrogen c h l o r i d e i n d i e t h y l e t h e r . I t i s t h e r e f o r e 
a p p r o p r i a t e t o c o n s i d e r t h e nature of t h i s p r o d u c t , h e r e a f t e r 
r e f e r r e d t o , f o r s i m p l i c i t y , as " e t h e r e a l t r i c h l o r o s t a n n a n e " , 
KSnCl^. I t s t r u e n a t u r e i s complex because s e v e r a l e q u i l i b r i a 
between s o l v e n t and s o l u t e species are i n v o l v e d as shown i n 
scheme 2.1. 
E t 2 0 + HC1 Et 2OH + C l ~ 
S n C l 2 + HC1 HSnCl 3 
S n C l 2 + C l " SnCl " 
HSnCl 3 + E t 2 0 - * Et 2OH + S n C l 3 " I I . 1 
S n C l 3 ~ + C l " S n C l 4 2 " 
SnCl 2 ~ + 2 B t - 2 0 H + ^ = * [ E ^ ' O H ] * S n C l ^ 2 " I I . 2 
Scheme 2. 1 
This nay be summarised i n e q u a t i o n 2.4 [ l ] , where I I . 3 i s 
a combination of I I . 1 and I I . 2 . 
nHCl + S n C l 2 + mEt 20 , H SnCl .mEtgO I I . 3 (2.4) 
The r e a c t i o n ( e q u a t i o n 2.4) i s a thermodynamically c o n t r o l l e d 
e q u i l i b r i u m [ l ] . The reverse r e a c t i o n occurs upon : 
( i ) a d d i t i o n of excess e t h e r , 
( i i ) a d d i t i o n of i n e r t a p o l a r substances, o r 
( i i i ) e v a p o r a t i o n of hydrogen c h l o r i d e and/or e t h e r , and t h e 
i n t e r m e d i a t e ( I I . 3 ) i s reformed upon a d d i t i o n of more hydrogen 
c h l o r i d e . 
The e a r l i e s t r e c o r d of a s o l v a t e d t r i c h l o r o s t a n n a n e complex 
dates back t o 1839 [ & ] when a substance b e l i e v e d t o be HSnCl 3.3H 20 
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was prepared by c o o l i n g an aqueous s o l u t i o n of t i n d i c h l o r i d e 
s a t u r a t e d w i t h hydrogen c h l o r i d e down t o -40°C, a t a time when 
a n a l y t i c a l techniques were somewhat i n t h e i r i n f a n c y . Since t h e n 
p h y s i c a l [ 7 , 8 j and, more r e c e n t l y , s p e c t r o s c o p i c [ l ] aspects have 
been s t u d i e d . Nefedov et a l [ 9 , lo] c l a i m t o have prepared 
HSnCly 2Et20 by d i s s o l v i n g t i n ( I I ) c h l o r i d e i n a mi?:ture of 
concentrated h y d r o c h l o r i c a c i d and e t h e r , on t h e grounds o f 
evidence i n t h e p r o t o n n.m.r. spectrum o f a peak a t 11.8 ppm 
[ 9 ] or 12.8 ppm [ l O ] a t t r i b u t e d t o the a c i d i c p r o t o n . S i m i l a r 
s p e c t r a were obtained by B u l t e n [ l ] . The i o n i c c h a r a c t e r 
( I I . 1 and I I . 2) i s r e f l e c t e d by a d o w n - f i e l d s h i f t o f the 
methylene and methyl p r o t o n s of t h e p r o t o n a t e d e t h e r as i s indeed 
the case, a l t h o u g h t o a l e s s e r e x t e n t , f o r e t h e r e a l hydrogen 
c h l o r i d e [ 9 ] . The i n t e g r a t i o n v a l u e s l e a d t o an m/n value ( I I . 3 ) 
r a n g i n g from 1.1 t o 1.5. The n o n - i n t e g r a l value i s a r e s u l t o f 
the e q u i l i b r i a p r e s e n t . The s t a b i l i t y o f the i n t e r m e d i a t e was 
monitored by p r o t o n n.m.r. s t u d i e s and a f t e r f i f t y days i t had 
decomposed t o a s m a l l e x t e n t t o e t h y l t i n t r i c h l o r i d e and e t h a n o l . 
The analogous germanium system a c t s s i r c i l a r i l y [lo] . 
Et 2OH + GeCl 3~ >EtGeCl 3 + EtOH (2.5) 
The d e a r t h of evidence f o r a t i n - h y d r o g e n bond i n t h e n.m.r. 
s p e c t r a i s supported by the i n f r a - r e d spectrum as t h e r e i s no 
peak between 2200 and 1700 cm - 1 a s s i g n a b l e t o v(Sn - H). 
The elemental a n a l y s i s o f the species ( I I . 3 ) r e v e a l e d a 
Cl:Sn r a t i o r a n g i n g from 3.3 t o 4.3. Again d i f f i c u l t i e s arose due 
t o the e q u i l i b r i a . However, B u l t e n [ l j c l a i m s t h a t m i s equal t o n 
i n I I . 3. Also the degree o f d i s s o c i a t i o n i n c r e a s e s w i t h t h e 
amount o f c o - o r d i n a t i n g e t h e r , i . e . w i t h t h e v a l u e of m [ l ] . 
F i n a l l y , the Mossbauer spectrum [ l ] which c o n s i s t s o f a 
peak: a t 3.46mm sec ( r e l a t i v e t o S n 0 o ) , w i t h a quadrupole 
s p l i t t i n g of 1.30mm sec \ i m p l i e s t h a t t h e t i n atom i s i n 
o x i d a t i o n s t a t e two. The isomer s h i f t i s comparable t o those 
of known t r i c h l o r o s t a n n a t e s . 
The Dutch workers t h e r e f o r e conclude [ l ] t h a t the produc t 
i s m a i n l y s t r o n g l y i o n i s e d d i h y d r o g e n t e t r a c h l o r o s t a n n a t e ( I I ) 
d i e t h e r a t e , HgSnCl . 2 E t 2 0 , [ ( E t 2 O H + ) 2 S n C l ^ " ] . Attempts t o 
c h a r a c t e r i s e the s p e c i e s f u r t h e r are d i s c u s s e d below. 
I t i s d i f f i c u l t t o e x p l a i n t h e f o r m a t i o n o f the d i a l k y l t i n 
d i c h l o r i d e from t i n powder v i a t r i c h l o r o s t a n n a n e ( e q u a t i o n 2.3). 
I n s t e a d the i n t e r m e d i a t e may be [HSnCl] o r [ H 2 S n C l 2 ] [ l l , 1 2 ] . 
The germanium analogues do e;-ist [ l 3 - l 6 j b ut t h e r e i s l i m i t e d 
evidence f o r the t i n species [ l 7 ] . Amberger [iB] suggests t h a t the 
i n t e r m e d i a t e may be d i c h l o r o s t a n n a n e [ H 2 S n C l 2 ] from t h e 
decomposition o f chlorostannane [H^SnCl] but t h e r e i s l i t t l e 
evidence t o s u p p o r t t h i s . D i c h l o r o b u t y l t i n h y d r i d e , a l t h o u g h 
very u n s t a b l e , has been i s o l a t e d [19 ] 
has been proposed [ 3 , 2 0 ] . 
HC1 + Sn 
i 
[HSnCl] 
H 2 + S n Q l 2 t H 2 S n C 1 J ? 
A:HC1 
[A: HSnCl ] 









R 2 S n C l 2 
Scheme 2.2 Key on f o l l o w i n g page 
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A = alkene, R 1R 2C = CR3R4, 
R = AH, 
R 1,R 2,R 3,R 4 as f o r equations 2.2 and 2.3 , 
CI may be r e p l a c e d by Br or I [ 2 0 ] „ 
Both the r a t e o f a d d i t i o n o f hydrogen c h l o r i d e and the 
temperature a f f e c t the p r o p o r t i o n s o f each p r o d u c t , 
e.g. 
Sn + HC1 + CH 2=CHC0 2Me > Cl 2Sn(CH 2CH 2C0 2Me) 2 + CI SnCHgCHgCOgMe 
% y i e l d s a t : 40°C 90 10 (2.6) 
-10°C 5 95 
An a l t e r n a t i v e scheme i n v o l v e s f o r m a t i o n o f the d i a l k y l t i n 
d i c h l o r i d e v i a t h e monoalkyl t i n t r i c h l o r i d e , (scheme 2.3) [3] . 
HC1 + Sn >[HSnCl] H C 1 > H 2 + S n C l 2 
CH 2=CHC0 2R:HC1 + Sn C l 2 * [CHg—CHCOgRiHSnClJ > Cl 3SnCH 2CH 2C0 2R 
CI SnCHgCHgCOgR + HSnCl »Cl 2Sn(H)CH 2CH 2C0 2R + S n C l 2 
Cl 2Sn(H)CH 2CH 2C0 2R + CH 2=CHC0 2R >Cl 23n{CH 2CH 2C0 2R) 2 
Scheme 2.3 
I n a m o n i t o r e d r e a c t i o n between t i n powder, e t h e r and hydrogen 
c h l o r i d e (added q u i c k l y ) t h e mono adduct i s formed r a p i d l y but 
subsequently d i s a p p e a r s w h i l s t the percentage o f d i a l k y l t i n 
p r o d u c t c o n t i n u e s t o r i s e . Formation o f t h e a l k y l t i n t r i c h l o r i d e 
from r e a c t i o n s s t a r t i n g w i t h t i n powder i s minimised by adding t h e 
hydrogen c h l o r i d e gas s l o w l y and thus p r e v e n t i n g the f o r m a t i o n o f 
t i n ( I I ) c h l o r i d e which f a c i l i t a t e s t h e s i d e r e a c t i o n . This i s 
r e f l e c t e d l a t e r i n t a b l e 2.1 by comparing t h e f i g u r e s i n the two 
tim e columns. 
F i n a l l y , a mechanism has been p o s t u l a t e d f o r h y d r o s t a n n a t i o n i n 
n o n - p r o t o n a t i n g s o l v e n t s , such as the alkene i t s e l f , as a r e s u l t o f 
d e u t e r e o s t a n n a t i o n experiments (scheme 2.4) [ 2 ] „ 
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Me-







I t i s b e l i e v e d t h a t the h y d r o s t a n n a t i o n occurs by cis-addi±ion 
v i a a concerted mechanism i n c o n t r a s t t o the t r a n s a d d i t i o n f o r t h e 
o r g a n o - t i n h y d r i d e s , ( c h a p t e r 1 ) . ( I s o p h o r o n e , which has a t r a n s 
c o n f i g u r a t i o n , i s u n r e a c t i v e ) . 
The f i r s t r e p o r t of h y d r o s t a n n a t i o n i n v o l v i n g t r i c h l o r o s t a n n a n e 
appeared i n a German p a t e n t j^21 ] . 
HSnCl + H2C = CHR »Cl SnCHgCHgR (2.7) 
R * a l k y l . H . 
However, B u t t o n and Oakes [22~] found etalkenes t o be u n r e a c t i v e 
towards h y d r o s t a n n a t i o n . Monomers which undergo p r e f e r e n t i a l 
p o l y m e r i s a t i o n (e.g. s t y r e n e ) o r h y d r o c h l o r i n a t i o n cannot be used 
[ 2 2 ] . The r e a c t i o n has been w e l l e s t a b l i s h e d f o r c<,p u n s a t u r a t e d 
c a r b o n y l compounds and r e s u l t s i n p s u b s t i t u t i o n . N e v e r t h e l e s s , 
h y d r o s t a n n a t i o n of a c r y l o n i t r i l e has been achieved [ 3 , 2 3 ] . 
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H y d r o s t a n n a t i o n of an a c e t y l e n i c bond has a l s o been r e p o r t e d [ 2 ] 
and r e s u l t s i n v i n y l t i n p r o d u c t s . The scope of the r e a c t i o n 
i s i l l u s t r a t e d i n t a b l e 2.1. More s t e r * " i c a l l y h i n d e r e d alkenes 
and alkynes w i l l r e a c t but more s l o w l y . 
Table 2.1 
HYDROSTANNATION REACTIONS PROM HYDROGEN CHLORIDE AND TIN POWDER 
OR TIN PI CHLORIDE IN ETHER 
UNSATURATED REACTION WITH REACTION WITH Sn + HCl 
COMPOUND (A) SnCl„ + HCl i n Et„Q i n Et„0 
TIME ( h r s ) 
YIELD b OF 
( 3 ] a 
TIME ( h r s ) 
YIELD 1 3 OP YIELD b OF 
Cl 3Sn(AH) C l 2 S n ( A H ) 2 Cl 3Sn(AH) 
CH =CHC0 2R 
R * Me 3.5 98 14 94 3.5 
Et 1 79 25 60 1.5 
Bu 2 92 20 c 9 .5 
Ph 5 89 10 d 6 
CH2-CMeCO Me 3.5 62 13 25 ==r50 
I.ieCH= CilCO^iJe 4 30 17 5.5 < 3 e 
:.^ eoC = CHC0„Ke 2 d. 2 80 10 46 22 
CH- =CHC0.H 4 99 6.5 70 <3 c 
1 75 [22] 15 50 f [2; 0 
CII = a i e C 0 2 H g g h h h 
MeCH=CHC02H 5 40 h h h 
CH 2= CHCOCl 3 90 20 low [2; >] 
CH=CHCOI.:e 2.5 70 14 i 47 
Iue ?C = CTICOMe 2 80 10 46 22 
C.!e 2C=CH 2C=0 4 <20 [22] g g g 
CHg= CHCONH 10 <20 23 79 <3 e 
CHj^ CHCN 43 23 15 14 <3 e 
CH = CC02H 2 — 60 12 80 [22 ] D 
CHSCC02Me 6 60 h h h . . 











Unless o t h e r w i s e s t a t e d . 
Detected by n.m.r. spectroscopy. 
I s o l a t i o n pure not proved p o s s i b l e . 
Not i s o l a t e d . 
Not d e t e c t e d by ''H n.m.r 
T o t a l y i e l d , m a i n l y mono. 
Has been r e p o r t e d but no d a t a g i v e n [.22] 
has not been r e p o r t e d . 
Pure d i f f i c u l t t o i s o l a t e . 
T o t a l y i e l d , amount mono not determined. 
Any s o l v e n t which does not r e a c t w i t h hydrogen c h l o r i d e may 
be employed. Hydrocarbons, halocarbons, e t h e r s (THP), e s t e r s , 
( e t h y l a c e t a t e ) , alcohols (methanol, dimethoxymethane) and even 
water [ 2 0 ] and aqueous h y d r o c h l o r i c a c i d [ 2 2 ] have been used. 
H y d r o l y s i s and h y d r o c h l o r i n a t i o n o f the alkene l o w e r the o r g a n o t i n 
y i e l d i n the aqueous r e a c t i o n s [22] . P r e p a r a t i o n of t r i c h l o r o s t a n n a n e 
is u n s u c c e s s f u l i n hydrocarbon s o l v e n t s such as n-hexane, t o l u e n e 
and benze l e , and d i b u t y l e t h e r due t o the i n s o l u b i l i t y of t i n 
d i c h l o r i d e . However they ca , be used when the r.lkene i s p r e s e n t 
i n s o l u t i o n d u r i n g the a d d i t i o n of hydrogen c h l o r i d e . (Scheme 2.4.). 
The s u b s t i t u t e d monoalkyl t i n t r i c h l o r i d e s may r e a c t w i t h 
t i n t o g i v e the d i a l k y l t i n d i c h l o r i d c and a r e l a t i v e l y s t a b l e 
o r g a n o t i n species c o n t a i n i n g a t i n - t i n bond [ 3 ] . 
2.2 Experimental 
2.2.1 P r e p a r a t i o n of E t h e r e a l T r i c h l o r o s t a n n a n e 
E t h e r a l t r i c h l o r o s t a n n a n e was prepared i n a dry n i t r o g e n 
atmosphere a c c o r d i n g t o a m o d i f i e d method o f K u t t o n [ 2 ] . 
Hydrogen c h l o r i d e ( c a l c i u m c h l o r i d e d r i e d ) was bubbled 
through a suspension o f anhydrous t i n ( I I ) c h l o r i d e (15.Og, 
79mmoles) i n anhydrous d i e t h y l e t h e r (90 mis) a t 0°C u n t i l , 
a f t e r 10 t o 15 m i n u t e s , a l l of the t i n d i c h l o r i d e had d i s s o l v e d 
and the c h a r a c t e r i s t i c y e l l o w o i l and c o l o u r l e s s e t h e r e a l 
phase appeared i n two l a y e r s . ( I f a homogenous c o l o u r l e s s 
l i q u i d i s formed i n s t e a d , the o i l y l a y e r separates upon 
a d d i t i o n o f e t h e r ) . The upper e t h e r e a l l a y e r was removed by 
s y r i n g e . Any e t h e r e a l t r i c h l o r o s t & n n a n e d i s o l v e d i n the e t h e r 
d i s c a r d e d may account f o r a l o w e r y i e l d o f the f i n a l p r o d u c t , 
so f o r t h i s reason i t was not always removed. I f any t i n ( I I ) 
c h l o r i d e p r e c i p i t a t e d t h e n hydrogen c h l o r i d e was added u n t i l the 
c l e a r y e l l o w o i l reappeared. T h i s was used i m m e d i a t e l y . 
I n t h e f o l l o w i n g chapters e t h e r e a l t r i c h l o r o s t a n n a n e i s 
prepared by t h i s method and the q u a n t i t y quoted ( i n moles) 
corresponds t o I h e amount of t i n ( I I ) c h l o r i d e used. 
2.2.2 A d d i t i o n of P r o t o n Sponge, [ 1 . 8 - b i s ( d i m e t h y l amino) 
naphthalene ] , t o E t h e r e a l T r i c h l o r o s t a n n a n e . 
[ l , 8 - b i s ( d i m e t h y l amino) n a p h t h a l e n e j (2.953 g, 13.8mmoles) 
d i s s o l v e d i n a minimal amount o f e t h e r (12 mis) was added t o 
e t h e r e a l t r i c h l o r o s t a n n a n e (l4.7mmoles) under n i t r o g e n t o f o r m 
an immediate w h i t e p r e c i p i t a t e . T h i s was s t i r r e d i n e t h e r 
(150mls) o v e r n i g h t , f i l t e r e d , washed and d r i e d i n vacuo. 
Elemental analyses and trie mass spectrum of t h e product (compound 
2.1) (4.57g) are recorded i n t a b l e s 2.2 and 2.3. The r e a c t i o n was 
done i n d u p l i c a t e t o check tne a u t h e n t i c i t y o f the r e s u l t s and 
gave p r o d u c t 2.2. 
Table 2.2 
Elemental A n a l y s i s f o r pr o d u c t s 2.1 and 2.2 
COMPOUND 2.1 COMPOUND 2.2 
# 
I I . 4 
( c a l c . ) 
* 
i i . 5 Run 1 Run 2 Run 1 Run 2 ( c a l c . ) 
c 40.5 38.7 38.9 38.8 38.2 48.7 
H 4.5 4.6 4.2 4.3 4.3 5.5 
N 6.0 6.7 6.0 6.2 6.4 8.1 
Sn 24=5 24.0 26.0 24.6 27.0 17.2 
CI 24.1 24.3 24.4 25.2 24.2 20.5 
Cl:Sn 3.3 3.4 3.3 3.4 3.0 4.0 
* s e c t i o n 2.3 
A l l f i g u r e s , except i n row s i x , are percentages. 
Table 2.3 
Mass Spectrum o f Compound 2.1 
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2.2.3 Sn N.m.r. S t u d i e s o f E t h e r e a l T r i c h l o r o s t a n n a n e . 
E t h e r e a l t r i c h l o r o s t a n n a n e (5 .5 mmoles) was prepared i n the 
n.m.r. tube ( w i t h o u t removal o f t h e e t h e r e a l l a y e r ) which was then 
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sealed o f f . Sn n.m.r. s p e c t r a were recorded over a p e r i o d o f 
t h r e e months and the s i n g l e t a t -62.84ppm d i d n o t s h i f t w i t h i n 
e x p e r i m e n t a l e r r o r . 
2.2.4 Mass S p e c t r o s c o p i c S t u d i e s . 
E t h e r e a l t r i c h l o r o s t a n n a n e (3yul) was s y r i n g e d i n t o t h e mass 
spect r o m e t e r and the spectrum r e c o r d e d . I t c o n t a i n e d peaks 
a t t r i b u t a b l e t o e t h e r , t i n d i c h l o r i d e and hydrogen c h l o r i d e , 
t h e y e l l o w o i l ( I I . 3 ) decomposing p o s s i b l y b e f o r e e n t e r i n g t h e 
mass spect r o m e t e r , even though s e v e r a l attempts were made t o 
improve the r e s u l t . 
2.2.5 3 5 C 1 N.q.r. S t u d i e s . 
A p p r o x i m a t e l y 2 mis of e t h e r e a l t r i c h l o r o s t a n n a n e was 
t r a n s f e r r e d by s y r i n g e t o a septum sealed sample b o t t l e and 
placed i n s i d e the n.q.r. s p e c t r o m e t e r c o i l . As the sample 
must be s o l i d (and p r e f e r e n t i a l l y c r y s t a l l i n e ) i t was cooled t o 
-77°C and -196°C but u n f o r t u n a t e l y i t f r o z e t o a g l a s s and no 
r e s u l t s were o b t a i n e d . 
The n.q.r. spectrum was r u n f o r the p r o t o n sponge p r o d u c t , 
compound 2.1, but no peaks were observed. 
2.3 D i s c u s s i o n o f R e s u l t s 
Proton sponge, as the name suggests i s a s t r o n g p r o t o n 
a c c e p t o r . I t s s t r e n g t h as a base ( p K & = 12.34) [24] r e s u l t s 
f r o m s t e r i c s t r a i n i n the f r e e base which i s overcome by 
p r o t o n a t i o n and from the f a c t t h a t the s i t e a v a i l a b l e f o r 
p r o t o n a t i o n i s i d e a l l y s u i t e d t o i n t r a m o l e c u l a r hydrogen bonding. 
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I t was added t o e t h e r e a l t r i c h l o r s t a n n a n e i n the hope of fo r m i n g 
e i t h e r the t r i - o r t e t r a - c h l o r o s t a n n a t e a c c o r d i n g t o equ a t i o n 2.8. 
$> [BH] SnCl +/or [BHJ SnCl B + H SnCl „mEt„0 2+n n 
+mEt 20 + [BHj CI 
Me_N NMe B 




Some h y d r o c h l o r i d e [ B H ] + CI was a l s o expected due t o the e::cess 
hydrogen c h l o r i d e i n the media. The Cl:Sn r a t i o of t h e products 
ranges from 3.3 t o 3.4 s u g g e s t i n g a m i x t u r e of the expected 
p r o d u c t s due t o the e q u i l i b r i a p r e s e n t . However, due t o the 
l i m i t a t i o n s o f the t i n a n a l y s i s (see Appendix 1 ) m i s l e a d i n g 
c o n c l u s i o n s could, be drawn. C,H and LT micro analyses were 
t h e r e f o r e performed and s t r o n g l y support the t r i c h l o r o s t a n n a t e , 
I I . 4 . ( t a b l e 2.2). A l s o , the mass spectrum c o n t a i n s m a i n l y peaks 
f o r [ l , 8 b i s - ( d i m e t h y l amino) naphthalene] and i t s break down. 
Peaks f o r t i n c o n t a i n i n g fragments up t o SnCl^* are also p r e s e n t 
but t h e r e i s no evidence f o r a f o u r t h c h l o r i n e atom. 
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Tne Sn n.m.r. spectrum c o n s i s t s of a s i n g l e t which i s i n 
the c o r r e c t r e g i o n f o r a t r i c h l o r o s t a n n a t e s a l t by comparison 




Sri N.m.r. Chemical S h i f t s of Known Compounds f o r Comparison w i t h t h a t o f H Sn C l 0 .mEt„0 n 2+n — 2 — 
COMPOUND ( S o l v e n t ) SHIFT r ppm Ref. 
H n S n C l 2 + n . m E t 2 0 (EtgO) -62.8 a 
S n C l 4 ( n e a t ) -150 25 
S n C l 2 (THE) -236 25 
SnCl 2.2H 20 (12.17N HC1) +341.2 26 
MeSnCl 3 ( n e a t , 74 C) +6.3 25 
PhSnCl 3 -63.0 25 
P h 2 C = N I K e + S n C l 3 " 
(CH 2C1 2) -11.8 b 
( a ) This work, (b) see c h a p t e r 3. 
However one must a l s o c o n s i d e r t h e s o l v a t i n g power of t h e 
e t h e r . When a t i n atom has one o r more e l e c t r o n e g a t i v e 
s u b s t i t u e n t s then e l e c t r o n d o n a t i n g s p e c i e s , which could e a s i l y 
i n c l u d e Et OHT may cause r e v e r s i b l e a s s o c i a t i o n o r auto a s s o c i a t i o n . 
Upon i n c r e a s i n g the c o - o r d i n a t i o n number of t i n from f o u r t o f i v e 
o r si>: the s h i e l d i n g of the t i n nucleus i s decreased r e s u l t i n g i n 
the n.m.r. peak' being s h i f t e d s e v e r a l hundred ppm as i l l u s t r a t e d 
i n t a b l e 2.5. 
Table 2.5 
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The e f f e c t o f c o - o r d i n a t i o n on the Chemical S h i f t (t>) i n Sn N.m.r. 
Spectroscopy [25] . 
COMPOUND fc.ppm 
K e r n e l 
Ke^nCl.DMSO ( i n DMSO) 
Me SnCl.py ( i n CHCl,,) 
+154 t o +166 
+ 3 
+25.4 
There i s no Sn n.m.r d a t a i n the l i t e r a t u r e f o r 
t e t r a c h l o r o s t a n n a t e s f o r comparison. Even i f the r e s u l t s 
d i d suggest a h i g h e r c o - o r d i n a t i o n number t h e n one would 
s t i l l n o t be able t o d i s t i n g u i s h whether t h i s i s due t o e x t r a 
c h l o r i n e o r e t h e r being a t t a c h e d t o the t i n atom. 
The spectrum was r e - r u n p e r i o d i c a l l y t o m o n i t o r any 
decomposition t o e t h y l t i n t r i c h l o r i d e ( $ a t 20 ppm [ 2 5 ] ) 
as i n the p r o t o n n.m.r s t u d i e s [ l ] but t h e r e was no evidence f o r 
such decomposition over three months. 
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The CI N.Q.R. s t u d i e s were u n f r u i t f u l as mentioned e a r l i e r . 
The t e c h n i q u e r e f l e c t s the e l e c t r i c f i e l d g r a d i e n t w i t h i n t h e 
q u a d r u p o l a r nucleus (Chapter 8) so should be capable o f 
d i s t i n g u i s h i n g the n a t u r e of t h e p r o t o n sponge product and hence 
i n d i r e c t l y t h a t of the e t h e r e a l species ( I I . 3 ) . 
2.4. Conclusion 
I t i s apparant t h a t the p r o d u c t from t h e r e a c t i o n between 
t i n ( I I ) c h l o r i d e and hydrogen c h l o r i d e i n d i e t h y l e t h e r i s v e r y 
complex due t o the e q u i l i b r i a a t t a i n e d . However the predominant 
component seems t o be e t h e r e a l t r i c h l o r o s t a n n a n e , HSnCl^.Et20, 
i . e . Et„0H +SnCl. c o n t r a r y t o the c o n c l u s i o n o f B u l t e n [ l ] . 
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C H A P T E R 3 
INVESTIGATIONS OF ROUTES TO ORTHOKETALLATED TIN COMPOUNDS. 
3.1 I n t r o d u c t i o n 
O r t h o m e t a l l a t i o n i s the i n t r a - m o l e c u l a r rearrangement o f 





X + HL 
0,N,P 
H a l , A l k y l , A r y l 
n-1 
Scheme 3.1 
I n t h i s rearrangement a metal-carbon bond i s formed and the 
hydrogen atom o r i g i n a l l y on the aromatic r i n g i s t r a n s f e r r e d t o the 
e l e c t r o n e g a t i v e group X or e l i m i n a t e d as HL. 
O r t h o m e t a l l a t i o n i s w e l l e s t a b l i s h e d i n t r a n s i t i o n metal 
c h e m i s t r y but l e s s so f o r main group metals and i s t h e s u b j e c t o f a 
number of reviews [ l - 6 ] . A s e l e c t i o n o f main group o r t h o m e t a l l a t e d 
compounds i s l i s t e d i n t a b l e s 3.1 t o put the e x p e r i m e n t a l work 
discussed i n t h i s chapter i n t o p e r s p e c t i v e . 
Table 3.1 
O r t h o m e t a l l a t e d Compounds o f Main Group M e t a l s . 
Compound Ref. O r i g i n 
CH Et_0 \ 
[7] NI.'Ie PhCH_NMe_ + LiBu 
L i 
CX CH [8 PhCH=NBu + Bu "Be Be 
Bu 
CH_NHe Et„0 
[9] NMe + Mg 
Mg Br 
Br 
Ph_P PPh 230 WC 
[10 N—SiMe SiMe 
Ph.Al 
Ph 





[11] PPh +Me_TlBr 






OQ GeClHL'e [12 NXe Ge CH-Nlle 
CI Phi! e 
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Table 3.1 - continued 
Ref „ 
R'Cu + R 2SnBr 2 
(R'sPhCHgTOeg ; R=Me,Ph) 
or R'Li + KegSnBrg 
R_C=NLi + SnCl. 
2 4 
or R.C=WSiMe, + SnCl. 2 3 4 






I t i s u s e f u l , at t h i s stage, to be aware of the research i n v o l v i n g 
o r t h o r a e t a l l a t i o n already performed i n t h i s l a b o r a t o r y , { l 7 , l 8 ] 0 The 
r e s u l t s are summarised i n Tables 3 . 2 and 3 . 3 . 
Table 3.2 
Routes to Orthometallated M a t e r i a l . [l7.183 
Experimental Method Product 
R 1R 2C=NLi + SnCl. 
4 
R 1=p=tolyl ; I^-Bu* * t 1 aCl3Sn-4-Me-C6H C(Bu )=NH 
«=p=tolyl =Pr 1 4 i 1 2dJ3n-4-He-C cH_C(Pr A)=NH 3 t> 3 
=4-!»1eOCgH4 = p = t o l y l 
i 1 2Cl3Sn-4-MeO-CgH3C ( p - t o l y l )=NH 
=4-P-C6H4 =4=F=C6 H 4 
* , x 1 3Cl,Sn-4-F-CcH-C(4-P-CcH. )=NH 3 b 3 o 4 
( p - t o l y l ) 2 C = N C l + SnCl 2 i 1 aCl3Sn-4-Me-CgHC ( p - t o l y l )=NH 
Ph„C=NSlKe, + SnBr,, 2 3 4 
1 1 
2-Br3Sn-C6H4C(Ph)=NH 
2, 6-Me2-C6H C(Ph)=NSiHe 3 +SnCl 4 * x
 1 
3Cl_SnC,H,C(2,6-Ke_-CcH_)=NH 
J b 4 t o 3 
PhCH=NSiI5e_ + SnCl. 
3 4 
(aCl-SnCcH.CHssNH) 
3 6 4 n 
Ph 2C=NSiMe 3 + IlegSnClg No r e a c t i o n 
Ph_C=NSiKe. + T i C l , -| 2 3 4 
> (Ph 2C=NTiCl ) n 
Ph 2C=NLi + T i C l 4 
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Table 3.3 










2-SnCl Me_ -4-Me-C--H C ( p - t o l y l ) = N H 
I 1 
2-SnCl(OMe) 2-4-Me-C 6H 3C(p-tolyl)=NH 
2-SnCl 2MeO-4-Me-CgH 3C(p-tolyl)= NH 
2-SnCl 2EtO-4-Me-CgH 3C(p-tolyl)=NH 
j: 1 
2-SnCl 3.py-4-Me-C 6H 3C(p-tolyl)=NH 
I 1 
2-SnCl_.TMEDA-4-Me-CcH.C(p-tolyl)=NH 
3 o } 
No reaction 
No reac t i o n 
This chapter reports a new route to orthometallated t i n compounds 
according to equation 3.1. 
4RPhC=NR' + 3SnCl ^ ) RC=HR' ' — — ^ + - - 2~ 
4 2 j \ 
R'=H,Me,But,Ph ^ k * . J n C 1 3 
+ (RPhC=NHR')2 .SnClg" (3.1) 
This method f o r d i r e c t formation of metal-carbon bonds does not 
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i n v o l v e a second organometallic compound such as RLi or RCu which 
i s an obvious advantage. An a l k y l or a r y l group may be attached to the 
ni t r o g e n atom whereas the route v i a i m i n o - l i t h i u m d e r i v a t i v e s 
protonated n i t r o g e n atom. New orthornetallated t i n compounds have 
been prepared and the c r y s t a l s t r u c t u r e has been determined f o r 
o r t h o - t r i c h l o r o s t a n n y l N-methyl diphenyl methylene amine, 
I 1 
2-C1 Sn-Cf-H —C(Ph)=m!e. The c r y s t a l s t r u c t u r e of (N methyl) 
i s also reported w i t h t h i s work. 
This chapter i s divided i n t o four sections :-
1 2 3 
( i ) The hydrostagnation of S c h i f f ' s bases, R R C=NR . 
( i i ) Development of the or t h o m e t a l l a t i o n r e a c t i o n between t i n (IV) 
ch l o r i d e and N-methyl diphenyl methylene amine. 
( i i i ) Extension of section ( i i ) to a range of S c h i f f ' s bases. 
( i v ) I n v e s t i g a t i o n of a l t e r n a t i v e routes to orthometallated compounds. 
3. 2. Hydrostannation of S c h i f f ' s Bases. 
3.2.1 I t i s possible that the hydrostannation of a methylerieamine 
(ketimine) could lead to a orthometallated species according to 
scheme 3.2. 
R C,H CR =NSnX_, [l6,17] gives r i s e only to compounds wi t h a 
diphenyl methyleneammonium t r i c h l o r o s t a n n a t e , [PhnC=NHTJe] SnCl 3 
R 














However, one would expect the reac t i o n to proceed according to 
equation 3.2 and t h i s was indeed found to be the case. 
PhRC=NR' + HSnCl ¥ PhRC=NHR' +„SnCl " (3.2) 
5 I I I . l i 
I I I . l R R' 
3.1 Ph Me 
3.2 Ph Ph 
3.3 H Ph 
3.4 Ph H 
3.2.2. Experimental 
3.2.2.1. Hydrostannation of H-methyl diphenyl methyleneamine 
N-Kethyl diphenyl me tbjLene amine (8.7 mis, 47 . 0 mmoles) was added 
by syringe to ethereal trichlorostannane (47.1 mmoles) a f t e r removal 
of the excess ether, to give an immediate yellow p r e c i p i t e t e which 
was s t i r r e d overnight i n dichloromethane ( 5 0 mis). Upon f i l t e r i n g 
c r y s t a l s grew i n the f i l t r a t e and a f t e r i s o l a t i o n were i d e n t i f i e d as 
(N-Methyl) diphenyl methylene ammonium tr i c h l o r o s t a r m a t e , 
Ph 2C=NIIMe +SnCl 3" (compound 3.1) , 6.428g. 32.5/', with 1.39c- of 
crude m a t e r i a l not c r y s t a l l i s e d . 
I n a d d i t i o n to the data tabulated overpage, the f o l l o w i n g data 
13 119 35 have been obtained; C and Sn n.m.r. (see t e x t ) , CI n.q.r. 
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(chapter 8.}" ^Sn Hossbauer (see t e x t ) and F.A.B. mass spectra 
(pages 57 to 61 ),. 
3.2.2.2 The experimental procedure v/as repeated, exactly as i n 
section 3.2.2.1, f o r (N-phenyl)diphenylmethyleneamine (Ph 2C=NPh) , 
(N-phenyl)phenylmethyleneamine (PhCH = NPh) and diphenylmethyleneamine 
(Ph2C = NH), to give t h e i r trichlorostanna-fces; compounds 3.2 ( c r y s t a l l i n e ) , 
3.3 (powder) and 3.4 (powder) r e s p e c t i v e l y , the data of which are given 
on pages 53 to 56 . 
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Compound No. 
3 . 1 
Origin HSnCl 3/Et 20 + Ph2C = NL5e 
Name & Structure 
P h 2 O N H M e + S n C l 3 







( 3 9 . 9 ) 
( 3.4) 















Infra-red, v cnr* rar disc ( f i g . 3 . / n | 1H N.N.R.cpci,__; i n t . TMS 
3130m,b, 3040m/s, l634m/s, 1590m, 
1460w, 1433m, 1389w, 1299m/s, 1168m, 
988m, 930w/m, 910w/m, 848m/s, 777s, 
764s, 715m, 699s, 640w/m, 558m, 












































SnCl. + 4 
[ 155 + 196] + 
[PhgCN + Ph2CH2Sn] + 





Other Information 1 3C and 1 1 9Sn N.K.R., 1 1 9 S n Mossbauer, 3 5C1 




Origin HSnCl 3/Et 2 0 + Ph2C = NPh 
Name & Structure 
P h 2 O N H P h SnCl 3 




C 46.9 (47.2) K 3 . 3 ( 3 . 3 ) 
2.8 (.2.9) 
Sn 24.4 (24.6) 
CI 21.8 (22.0) 
Empirical Formula c 1 QH 1 (,Nci^sn Infra-red, v cnr'KBr disc ( f i g . 3 . 4 ) | 1H N.M-R.raci ; i n t TMS 
3190m,b, 3050m,b, 1605m, 1590m, 1555 
m/s, 1482m, 1450m/s, 1443m,shl, 1435 
m.shl, 1335m/.s, 1324m, s h l , 1270m/s, 
1208w/m, 1188w/m,shl, 1182m, 1167W, 
1147m, 1105wf 1079w, 1021m, 997m/s, 
960m, 935w, 926w ,913m, 842m/s, 820 
m/s, 781s, 767s, 728m/s, 699s, 687s, 
6l6w, 610W, 598w, 581m/s, 547m/s, 
509w, 498m/s, 450w/m, 394m, 289m/s, 
255s, 235s. 
7 . 2 3 
7 . 3 0 
7 . 3 8 
7 . 4 3 
7 . 5 0 >m - - Ph 
7 . 7 0 
7 . 7 5 
7 . 7 8 
7 . 8 3 
Mass Spectrum ~ 


































Other Information 1 1 9 S n M o s s b a u e r (table 3 . 9 ) , 1 1 9 s n N.H.R 




Origin HSnCl 3/Et 20 + PhCH=NPh 
Name & Structure 
PhC H = NHPh S n C l 
(N-phenyl) phenyl methyleneamraonium t r i c h l o r o s t a n n a t e 
m.pt. 
d 1 4 6 - 8 
Elemental Analysis 
4 1 . 2 
2 . 7 
2 . 9 
2 2 . 9 









Empirical Formula C ^ H ^ N C I ^ S I I ^ 
Infra-red, v cm^KBr disc ( f i g . 3 . 4 ) | 1H N.M.R.roci,; i n t . TMS 
3160m, 3050m, l639m/s, I6l0n/s, 1580s, 
1480m, 1470m, 1449m, 1408m, 1372m, 
1330m, 1315m, 1280m, 1240m, 1205m, 
1188m/s, 1163m, 1100w, 1069m, 10l6m/s, 
1000m, 970m, 920m, 875m, 839m, 828m/s, 
784m, 766s, 730m, 715m,shl, 699m/s,si4 
680s, 616W, 5&9m, 53'0m/s, 5 2 0 s , 490m, 
464m, 3 2 0 s , 288s, 250m/s. 
Mass Spectrum 
m/e I Fragment Ion" 
7 . 2 0 
to 
7 . 6 0 
Ph 












































Origin HSnCl 3/Et 20 + Ph2C = NH 
Name & Structure 
P h 2 C = N H 2 * S n C l 3 
m.p 
140-1 diphenyl methyleneammonium t r i c h l o r o s t a n n a t e 
Elemental Analysis 
C 36.9 (38.3) 
H 3.2 ( 3.0) 
N 3.4 ( 3.4) 
Sn (29.D 
CI 28.0 (26.1) 
Empirical Formula c nH 1 2 N c i 3sn ^ ^ 
Infra-red, v cm" 1 o r disc ( f i g . 3 .4) | 1H N.M.Rppciy i n t . . TMS 
3230w,shl, 3040m,b„ 2910m,shl, 2830m,b, 
I640m/s, 1588m/s, 1495w, 1484w, 1440m, 
1369m/s, 1296m, 1280m, 1189m, 1l60m/s, 
1141m/s, 1073w., 1029w/m, 1000m, 931m, 
871m,shl, 849m, 829m,shl, 800m/s, 
782m/s,shl, 762m, 725m/s, 702s, 698s, 
612m, 605m, . 56lm/s, 445m, 434m, 404w/m 























PhCH+ or Ph2CN + 
PhCNH+ 










2 . 3 
H 




m/e Fragment Tor 
Other Information P . A . B . mass spectrum ( t a b l e 3 . 7 , f i g . 3 . 3 ) 
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Table 3.4 
P.A.B. Po s i t i v e Mass Spectrum of PhuC = NHT,'e+.SnCl " (see Fig 3.1) 
2l£e Fragment Ion I Fragment Ion I 
91 PhCH 2 + 9.3 362 [2(Ph 2CHH)] + 0.8 
105 PhCNH2+ 5 . 0 or [Ph2C+Ph2CN!.1eIl] + 
118 PhCTIMe+ 7.4 376 [Ph2CN + Ph2CNMeH] + 0 . 4 
120 Sn + 3.4 or [300 + Ph - H ] + 
167 Ph 2CH + 37 394 [2(Ph 2CHKeH 2)] + 0.6 
182 5.1 406 [210 + 1 9 6 ] + 0.4 
196 Ph2CNL;eII+ 100 or [180 + 2 2 6 ] + 
210 [PhgCNLle + He ] + 4.8 437 [196 + 240 + I l ] + 0.5 
or [2(PhCNH 2)] + 454 [166 + 238] + 0.3 
226 [SnCl 3 + H] + 2.2 466 [166 + 300] + 0.4 
240 i ; e 3 n C l 3 + 1 .7 468 [180 + 288j + 0.4 
256 [;.Ie2SnCl3 + II ] + 1.5 or [(2 x 196)+(Ph -Hj* 
or [l . I e3nC l 3+NH 2] + 480 [180 + 300] * 0.2 
270 "' e3" J l^3 1 .8 486 [196 + 288 + 2H ]
 + 0 . 2 
288 Ph 2 C I i 2 3 n 4 1 .8 497 [196 + 300 + 0 . 4 
512 [(2 x 1 9 6 ) + 120] + 0.1 
300 Ph 2c : ; s n + 1 .0 527 [(2y 196) +120+ (Ke 0r!Ill ) f 0.2 
316 Ph2CNT.:eH3n+ 0.4 528 I 195 + 333] + 0.2 
[2(Ph 2C) + K] + 
542 [ 1 9 6 + 3 4 6 ] + 0.1 
333 3.3 558 [ 1 9 6 + 3 6 2 ] + 0.1 
346 [Ph2C + Ph2CI!] + 0.4 572 [ 1 9 6 + 3 7 6 ] + 0.1 
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8 J 1 1 8 
n l 1 J . L . . . . T J . T ! a ! i 6 
1 00 300 500 
122 













i 1 600 0 0 0 0 
F i g . 3 .1 P.A.B. Kass Spectra ; ( i ) p o s i t i v e and ( i i ) negative, of 
PhgC =NHMe.SnCl 
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Table 3 . 5 
F.A.B. lie/native I.lass Spectrum of Fh C = NHHe">".SnCl ° (see Fig 3.1) 
m/e Fragment Ion I m/ e Fragment Ion I 
127 PhC17.1e 100 311 9 4 . 0 
or PhClNH 319 [ C l ^ n + 9 4 ] 2 . 4 
157 [SnCl + 2H] 1 .8 or [Cl 2Sn + 127 + 2H] 
190 SnCl 2 7 . 7 397 [319 + PhH] 3 . 9 
207 [SnCl + Ke + 2H] 4 . 6 415 [SnCl 3 + SnCl 2] 2 . 5 
or SnClOH 
( i f hydrolysed) 433 [3nCl 3 + 207 + H] 2 . 0 
225 SnCl 3 69 456 [196 + 260] 0 . 5 
245 CISnPhCH 8 . 9 4 7 0 [225 + 245] 0.6 
260 SnCl . 
4 
1 .0 439 [225 + 264] 0 . 7 
281 Cl2SnPhCK2 6 . 3 589 [190 + 397 + 2H] 1.1 
Table 3.6 
F.A.B. Positive Uass Spectrum of Ph C = NHPh"4".SnCl ~ (see Fig 3 . 2 ) 
m/e Fragment Ion I m/e Fragment Ion I 
91 PhCH 2 + , FhN+ 12 272 [2 58 + 14(CH 2 or M)] + 2 . 4 
94 ? 18 290 7 7.1 
105 P h c i m 2 + • 12 300 Ph 2C¥Sn + 0.6 
115 3.1 318 [225 + 9 3 ] + ? 1.2 
120 Sn + 0.7 333 [2(Ph 2C) + H] + 1.0 
155 SnCl + 0.8 348 [258 + 90] + 1 .3 
167 Ph2ChT+ 20 or [Ph2CH + PhCNK]+ 
180 PhClIPh+ 18 362 [104 + 258] + 0.7 
190 SnCl 2 + 0.5 376 [300 + Ph •>• H] + 0.4 
197 SnPh+ 28 or [104 + 272] 
225 S n C l 3 + 0.3 382 [347 + C l ] + ? 0.5 
258 Ph2CNPhH+ 100 424 [166 + 258] + 1.1 




F i g . 3.2 F.A.B. Kass Spectrum ( p o s i t i v e ) of Ph2C = NIIPh +.SnCl 3" 




T , '1' 
#lt A •» i*l •* 
Fig. 3.3 F.A.B. Mass Spectrum ( p o s i t i v e ) of Ph^C = NH 2 +.SnCl ' 
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Table 3 .7 
F.A.B. Pos i t i v e Llass Spectrum of Ph^C = NH^.SnCl ~ (see Fig 3 . 3 ) 
m/e Fragment Ion I m/ e Fragment Ion I 
91 PhCH2+ 20 296 [PhgCNH + 115] + 1 . 0 
104 PhCNH+ 2 3 298 [PhgCNHg + 115 + H] + 1.2 






3 . 3 
or [271 + 27(CN)] + 
141 7 2 . 7 3 3 3 [2(Ph 2C) + H ] + 6.2 
151 7 5.7 348 [PhgCH + PhCNH] + 15 
155 SnCl + 1.4 or [Ph2CIIH + PhCH] +
167 Ph2CH+ 60 365 [(2 x 182) + H] + 3.9 
182 Ph 2CKH 2 + 100 377 [298 + Ph + 2H] + 2.2 
190 S n C l 2 + 1 . 8 or [181 + 196] + 
196 [182 + 14(N,CH 2)] + 27 390 [182 + 208] + 1 .0 




HSnCl 3 + 
7 
[Ph + Ph 2C] +
9 . 3 
2 . 4 
3.4 
4 2 2 
or [2(Ph 2C) + P h ] + 
[256 + 166] + 1 . 0 
256 [PhCH + Ph 2C] + 12 437 [181 + 256]
 + 1 . 1 
271 [256 + 15(NH)] + 2.9 451 [437 + 14(K, CH 2)] + 0.8 
284 [Ph2C + Sn - 2H] + 
or [271 + 1 3(CH)] + 
2.4 or [167 + 2 8 4 ] + 
or [Ph2CK+PhCNH]+ 497 [ ( 3 x 166) - H] + 0.9 
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3.2.3 D i s c u s s i o n of R e s u l t s 
3 . 2 . 3 . 1 . I n f r a - r e d Data 
The most c h a r a c t e r i s t i c absorption i n the i n f r a - r e d s p e c t r a 
of these compounds i s the iminium bond s t r e t c h i n g frequency v(C=N) 
which c h a r a c t e r i s t i c a l l y appears between 1700 and 1640 cm ^ [lSQ. 
Each spectrum ( f i g 3.4) contains e i t h e r two or three peaks between 
1650 and 1550 cm-''" which represent v(C=N) and also the aromatic 
s k e l e t a l v i b r a t i o n s within the r i n g v ( C ^ C ) . By comparison with the 
s t a r t i n g m a t e r i a l s v(C=N) has been s h i f t e d to a lov/er frequency i n each 
case ( A v = 20 cm ^ ) . The s p e c t r a may a l s o be complicated i n t h i s 
region by N-H s c i s s o r i n g but as these peaks are c h a r a c t e r i s t i c a l l y 
much weaker than v ( c = N ) and v(C—"C) they w i l l probably be hidden. 
N-H s t r e t c h i n g peaks are observed between 3200 and 3000 cm ^ 
i n each case. C r y s t a l l o g r a p h i c s t u d i e s on Ph^C^'THIi'e"^ SnCl^ 
showed that weak hydrogen bonding occurs between the c a t i o n and 
anion |V-H ClJ and t h i s causes a lowering of v(N-H). This seems 
to hold f o r the other sp e c t r a i n t h i s s e r i e s . 
A l l of the compounds e r i i i b i t two peaks below 3 0 0 cm as expected 
f o r a pyramidal SnCl^ ion representing t i n chlorine s t r e t c h i n g . 
Compound 3 . 2 has a t h i r d peak below 300 cm w h i l s t compound 3 . 3 
has an a d d i t i o n a l peak at 3 2 0 cm"'*". 
3 . 2 . 3 . 2 . N.M.R. Data. 
The "^H n.m.r. peaks are as assigned i n the data t a b l e s and the 
13 
C n.m.r. spec t r a are discussed i n s e c t i o n 3 . 3 . 2 f o r comparison 
r 1 
with that of the orthonetallated m a t e r i a l , 23nCl.,CrHJ1 (Ph) C = Ntfe. 
3 6 4 V 
119 
The Sn n.m.r and I.lossbauer r e s u l t s are as tabulated over page 
and are as e:pected f o r t r i c h l o r o s t a n n a t e s a l t s . 
63 
800 1200 1600 2000 3000 4000 
|Ph,C = NHMe SnCI 
If f IPh ,C = NHPh] SnCI 
r lPhCH = NHPhl SnCI ft r 
|Ph,C=NH,r SnCI 
4000 3000 2000 1600 1200 800 400 
F i g . 3 . 4 I n f r a - r e d Spectra of Methyl eneamraoniuin Trichlorostannate 
Table 3.8 
119 Sn II.T'.R. S p e ctra of T r i h a l o s t a n n a t e s . 
Compound 6 Chemical S h i f t , ppm 
Ph 2C=NHKe + S n C l 3 ~ -71.37 
Ph 2C=>THPh + S n C l 3 " -69.82 
PhCH=NHPh + S n C l 3 " b 
P h ? C = N H 2 + S n C l 3 ' b 
E t . N + SnBr ~ 4 3 -130.93 
Pr,N + SnBr,"" 4 3 c 
a = CH^Clp s o l u t i o n 
b = No peak observed, s o l u b i l i t y problems 
c = No peak observed 
Table 3.9 
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Sn Kossbauer S p e c t r a of Methyleneammonium t r i c h l o r o s t a n n a t e s 





Ph 2C=NHKe + S n C l 3 " 






The isomer s h i f t s are t y p i c a l o f Sn and the quadrupole 
s p l i t t i n g i s comparable t o t h a t o f 1.37 mm sec * f o r Bu n^N + SnCl. [ 2 0 ] 
3.2.3.3. Mass Sp e c t r a 
The mass s p e c t r a are as t a b u l a t e d i n the d a t a t a b l e s . They each 
c o n t a i n the expected peaks f o r the two i o n s and t h e i r r e s p e c t i v e 
breakdown. 
Fast Atom Bombardment (F.A.B.) mass spectroscopy i s a r e l a t i v e l y 
new t e c h n i q u e , the f i r s t r e p o r t appearing i n the l i t e r a t u r e i n 1981 
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I n c o n v e n t i o n a l mass s p e c t r o m e t r y t h e sample i s v a p o u r i s e d , b e f o r e 
bombarding w i t h e l e c t r o n s , so the spectrum o b t a i n e d may be t h a t o f 
the p r o d u c t s of t h e r m a l d e c o m p o s i t i o n . P.A.B. mass s p e c t r a may be 
run a t room temperature which i s an obvious advantage f o r t h e r m a l l y 
u n s t a b l e o r i n v o l a t i l e samples. The sample i s d i s s o l v e d i n a 
h i g h b o i l i n g p o i n t s o l v e n t such as g l y c e r o l and bombarded w i t h n e u t r a l 
atoms ( f r o m e Xenon s o u r c e ) . Both p o s i t i v e and n e g a t i v e i o n s are 
e m i t t e d and these are d e t e c t e d t o g i v e t h e i r r e s p e c t i v e s p e c t r a . 
The p o s i t i v e s p e c t r a f o r Ph 2C=NHR.SnCl^(R= H,Me,Ph) c o n t a i n 
s i m i l a r peaks t o those of the c o n v e n t i o n a l mass s p e c t r a b ut a l s o 
c o n t a i n h i g h mass peaks a t t r i b u t e d t o i o n r e c o m b i n a t i o n w i t h i n the 
mass spect r o m e t e r , as assigned i n t a b l e s 3.4 t o 3.7. The n e g a t i v e 
spectrum o f Ph2C=NH?<Ie+SnCl.j i s q u i t e d i f f e r e n t from i t s p o s i t i v e 
spectrum and r e v e a l s m a i n l y t h e t i n h a l i d e fragments. 
3.2.3.4. C r y s t a l S t r u c t u r e of Ph2C=NHKe'*' SnCl^" 
The c r y s t a l s t r u c t u r e of (N-methyl) d i p h e n y l methyleneammonium 
t r i c h l o r o s t a n n a t e has been determined ( t a b l e 3.10) and i s i l l u s t r a t e d 
i n f i g u r e s 3.5 t o 3.7 
Jjh 2 C = N H E e ] + SnCl 3 _ 
C 1 4H 1 4NCl 3Sn, M = 421.3, t r i c l i n i c , a = 9 . 0 6 7 ( 1 ) , b = 12.563(1) 
c = 21.925(2) A, U = 2470.3A 3, Z = 6, D Q = 1.4136gcm" 3, F(000) = 1032, 
space group PT, Ko-K^ r a d i a t i o n , A= 0.71069 A, » 1.70 mm-1, 
Stoe Sieness AED D i f f T a c t o m e t e r , g r a p h i t e monochromator, P a t t e r s o n 
s y n t h e s i s . 
There a r e t h r e e independent i o n p a i r s i n t h e s t r u c t u r e r e s u l t i n g i n 
s i x per u n i t c e l l . Hydrogen bonding g i v e s r i s e t o weak 
N-H CI bonds which l i n k the anions and c a t i o n s , as i l l u s t r a t e d 
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Table 3.10 C r y s t a l S t r u c t u r e Data of Ph,C = NHMe SnCl^"". 
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Bond lengths (X) 
S n ( l ) - C l ( l l ) 
S n ( l ) - C l ( 1 3 ) 
S n ( 2 ) - C l ( 2 2 ) 
Sn (3 ) -C l (31 ) 
Sn (3 ) -C l (33 ) 
N ( l ) -C (12 ) 
C(12)-C(121) 



















































S n ( l ) - C l ( 1 2 ) 
S n ( 2 ) - C l ( 2 1 ) 
Sn (2 ) -C l (23 ) 
Sn (3 ) -C l (32 ) 
N ( l ) - C ( l l ) 
C ( 1 2 ) - C ( l l l ) 


















































Bond angles ( ) 
a ( l l ) - S n ( l ) - C l ( 1 2 ) 93 .5(1) 
C l ( 1 2 ) - S n ( l ) - C l ( 1 3 ) 91 .7(1) 
C l ( 2 1 ) - S n ( 2 ) - C l ( 2 3 ) 91 .2(1) 
C l ( 3 1 ) - S n ( 3 ) - C l ( 3 2 ) 93 .0(1) 
C l ( 3 2 ) - S n ( 3 ) - C l ( 3 3 ) 94 .1(1) 
N ( l ) - C ( 1 2 ) - C ( l l l ) 119.5(3) 
C ( l l l ) - C ( 1 2 ) - C ( 1 2 1 ) 120.2(3) 
C ( 1 2 ) - C ( l l l ) - C ( 1 1 6 ) 119.9(3) 
C ( l l l ) - C ( 1 1 2 ) - C ( 1 1 3 ) 119.1(4) 
C(113)-C(114)-C(115) 120.8(4) 

























a ( l l ) - S n ( l ) - C l ( 1 3 ) 96 .1(1) 
C l ( 2 1 ) - S n ( 2 ) - C l ( 2 2 ) 94 .4 (1 ) 
Q ( 2 2 ) - S n ( 2 ) - C l ( 2 3 ) 92 .6(1) 
C l ( 3 1 ) - S n ( 3 ) - C l ( 3 3 ) 92 .4 (1 ) 
C ( l l ) - N ( l ) - C ( 1 2 ) 127.6(4) 
N( l ) -C(12) -C(121) 120.2(3) 
C ( 1 2 ) - C ( l l l ) - C ( 1 1 2 ) 120.2(4) 
C ( 1 1 2 ) - C ( l l l ) - C ( 1 1 6 ) 119.8(4) 




























The anions are p y r a m i d a l , w i t h Cl-Sn-Cl o f 91.2 - 96.1 as 
shown i n f i g . 3.5 and t a b l e 3.10. The t i n c h l o r i n e bond l e n g t h s 
B e 
range fro m 2.455 A t o 2.533A ( t a b l e 3.10). Each i o n c o n s i s t s o f two 
t i n - c h l o r i n e bonds o f s i m i l a r l e n g t h s w i t h t h e t h i r d one b e i n g 
e i t h e r f r a c t i o n a l l y l o n g e r o r s h o r t e r . 
By compa r i s i o n caesium t r i c h l o r o s t a n n a t e f o r example, has t h r e e 
i n e q u i v a l e n t c h l o r i n e s i t e s i n the pyramidal SnCl^ i o n s [ 2 2 ] . 
Also t h e bond l e n g t h s of the o r l h o m e t a l l a t e d m a t e r i a l o r t h o -
t r i c h l o r o s t a n n y l (N-inethyl) d i p h e n y l methyleneamine, 
I 1 s o 2-Cl,SnCcH.C(Ph)==NMe, are 2.355, 2.323 ( e q u a t o r i a l ) and 2.401A 3 b 4 
( a x i a l ) ( f i g 3.14 and t a b l e 6.17.) 
The aro m a t i c r i n g s o f the c a t i o n are not c o p l a n a r . The bond 
l e n g t h s of the back bone i n f i g 3.3 and t a b l e 3.4 are compared t o 
r 




1 . 4 8 5 ( 6 ) / \ l . 4 9 4 ( 6 ) 
C(x21) C(xT1) C(3) C(9) 
( o r t h o - ( f r e e Ph) 
m e t a l l a t e d 
r i n g ) 
The atom numbers correspond t o 
those i n f i g . 3 . 1 4 . 
P i g . 3.8 Element nomenclature f or(i) Ph 2C=NHMe + and(jj) the 
o r t h o m e t a l l a t e d d e r i v a t i v e , i n c l u d i n g r e l e v a n t bond 
l e n g t h s f o r comparison. 
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Table 3.10 
Bond lengths» i n Ph C^HLIeH^SnCl 
^ ^ ^ ^ x 
Bond — ^ 
1 2 3 
C ( y l ) - H ( x ) 1.470(5) 1.460(6) 1.467(6) 
N(x)-C(x2) 1.287(5) 1.290(5) 1.287(5) 
C ( x 2 ) - C ( x l l ) 1.477 (-5) 1.466(5) 1.473(5) 
C ( x 2 ) - C ( x 2 l ) 1.438(5) 1.482(5") l o 4 7 6 ( 5 ) 
e 
* A l l l e n g t h s are i n A, f i g u r e s i n p a r e n t h e s i s are the 
standard d e v i a t i o n s . 
The d i s t a n c e s between the methyleneanine carbon a t o n ( C ( x 2 ) ) 
and the two a d j a c e n t phenyl carbon atoms ( C ( x l l ) and C(x21)) i n 
e 
each c a t i o n d i f f e r by over 0.1A f o r x = l and x=2 but are i d e n t i c a l 
w i t h i n e x p e r i m e n t a l e r r o r f o r x=3. The bonds between C(x2) and 
C ( : l l ) and C ( ; 2 l ) are s h o r t e r than the bond between the imine carbon 
atom and the f r e e p h e n y l r i n g ( C ( 2 ) - C ( 9 ) ) o f t h e o r t h o m e t a l l a t e d 
compound but are comparable t o the C(2)-C(3) bond l e n g t h of the 
m e t a l l o c y c l e . The i m i n e bond N(j-)-C(x2) i s a p p r o x i m a t e l y c o n s t a n t 
f o r the t h r e e c a t i o n s and i s l o n g e r t h a n t h e c o r r e s p o n d i n g bond i n the 
m e t a l l o c y c l e where o r t h o m e t a l l a t i o n has caused s h o r t e n i n g . The 
methyl carbon t o n i t r o g e n bond d i s t a n c e ( C ( x l ) - K ( x ) ) i s h a r d l y 
a f f e c t e d by o r t h o m e t a l l a t i o n . F i g . 3.9 shows t h s t the bond 
angles do not vary s i g n i f i c a n t l y f o r the t h r e e c a t i o n s but t h a t 
they are a f f e c t e d upon o r t h o m e t a l l a t i o n . 
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x = 1 
2 
3 
I I I . 2 
x « l 
2 
3 
I I I . 2 
x = 1 
2 
3 













C ( x l ) 
C ( x 2 l ) 
x = 1 119.5(3) 
2 119.0(3) 
3 120.9(3) 
I I I . 2 122.8(4) 
C ( x l l ) 
Fir,. 3.9. Bond Angles* f o r ( P h 2 C = NHMe) + SnCl " and 
2-d 3&C cH 4C(Ph)=l'lT,Ie ( I I I . 2 ) (# . °) 
C ( x l l ) corresponds t o C(9) of the o r t h o m e t a l l a t e d m a t e r i a l 
C ( x l ) Corresponds t o C(3) o f the o r t h o m e t a l l a t e d m a t e r i a l . 
3.3 Development o f R e a c t i o n c o n d i t i o n s most conducive t o 
o r t h o m e t a l l a t i o n from t i n ( I V ) C h l o r i d e and S c h i f f ' s Bases 
3.3.1 Byperimental 
3.3.1.1. Reaction between H-methyl d i p h e n y l netnylenearnine 
(Ph2C=N!,"e) and t i n ( I V ) C h l o r i d e i n a 1:1 molar r a t i o 
i n t o l u e n e a t room temperature^ 20°C. 
T i n ( I V ) c h l o r i d e ( l 2 . 9 mis, 24.85 mmoles) d i s s o l v e d i n 
t o l u e n e (15 mis) was added dropwise t o N-methyl, d i p h e n y l methyleneamine 
(4.6 mis, 24.85 mmoles) i n t o l u e n e (25 mis) i n a n i t r o g e n purged Schlenk 
tube t o g i v e a w h i t e p r e c i p i t a t e a f t e r 30 minutes and was s t i r r e d 
o v e r n i g h t . This was i s o l a t e d by f i l t r a t i o n and washing w i t h c o l d 
t o l u e n e (compound 3.5) and i d e n t i f i e d as N-methyl d i p h e n y l 
+ 2-
methyleneammonium h e x a c h l o r o s t a n n a t e (Ph 2C=NKJ.Te) 2 SnClg (7.67g) 
The f i l t r a t e was placed i n the f r i d g e t o induce c r y s t a l l i s a t i o n and 
over a few days a f u r t h e r s m a l l amount o f (Ph„C=NIIi:e)-+SnCl,-2~ 
c. 2 b 
c r y s t a l l i s e d out. 
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C h a r a c t e r i s a t i o n of (Ph 0C = NHJ<!e)2+SnCl^ i s g i v e n on i t s 
d a t a sheet a t the end of t h i s e x p e r i m e n t a l s e c t i o n . 
3.3.1.2. The r e a c t i o n between N-methyl d i p h s n y l methyleneamine and 
T i n ( I V ) c h l o r i d e i n a 2:1 molar r a t i o i n t o l u e n e at 
rdom temperature. 
The e x p e r i m e n t a l procedure was e x a c t l y as i n s e c t i o n 3.3.1.1. b u t 
u s i n g 9.2 mis (49.7 mmoles) o f PhgC=NMe w i t h S n C l 4 (2.9 mis, 24.9 mmoles) 
t o g i v e a v/hite p r e c i p i t a t e which was i s o l a t e d and i d e n t i f i e d as 
N-raethyl d i p h e n y l methyleneammonium h e x a c h l o r o s t a n n a t e (Ph 2C= NIILle)* 
S n C l g 2 " (compound 3.6, 7.59g, 4 2 % ) . 
A s m a l l amount o f the c r y s t a l l i n e adduct 2 (Ph 2C=in:e ISnCl ^ separated 
s u b s e q u e n t l y from the f i l t r a t e (compound 3.7, 0.31g, 2%). 
3.3.1.3 The r e a c t i o n between N-methyl d i p h e n y l methylenearrdne 
and T i n .(IV) c h l o r i d e i n a 1:1 molar r a t i o i n t o l u e n e 
w i t h h e a t i n g . 
The e x p e r i m e n t a l procedure was e x a c t l y as i n s e c t i o n 3.3.1.1. 
but the r e a c t i o n rai>-ture was r e f l u x e d f o r 5 hours. The m i x t u r e 
separated t o a l o w e r dark brown l i q u i d and a l i g h t e r brown upper 
l a y e r . Each l a y e r was s y r i n g e d w h i l s t h o t t o a separate f l a s k and 
upon c o o l i n g t hey each y i e l d e d c r y s t a l l i n e m a t e r i a l which was 
i s o l a t e d by f i l t r a t i o n and i n each case i d e n t i f i e d as b i s (N-methyl 
d i p h e n y l methyleneammonium h e x a c h l o r o s t a n n a t e (compounds 3.3 and 
3.9 r e s p e c t i v e l y t o t a l y i e l d 2.64g, 6 0 $ ) . 
The f i l t r a t e s were placed i n the f r i d g e and a f t e r a week each 
gave c r y s t a l s which upon i s o l a t i o n were b o t h i d e n t i f i e d as 
•f 1 
2-C1 Sn-CfiH C(PH) = NMe (Compounds 3.10 and 3.11', t o t a l y i e l d 1.54g, 60%.) 
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3.3.1.4 The R e a c t i o n between N-methyl diphe-nyl methylenearoine' 
and T i n ( I V ) c h l o r i d e i n a 2:1 T.^olar r a t i o i n t o l u e n e 
w i t h h e a t i n g . 
The e x p e r i m e n t a l procedure was e x a c t l y as i n s e c t i o n 3.3.1.2. 
but the m i x t u r e was r e f l u x e d f o r 14 hours and f i l t e r e d w h i l s t hot 
t o g i v e a w h i t e s o l i d i d e n t i f i e d as b i s (N-methyl d i p h e n y l methylene-
+ 2-
aramonium) h e x a c h l o r o s t a n n a t e ((Ph 2C = NHMe) 2 SnClg , Compound 3.12, 
3.03g, 6 9 % ) . The f i l t r a t e was p l a c e d i n t h e f r i d g e and a f t e r two days 
c o l o u r l e s s f l a t square c r y s t a l s appeared and upon i s o l a t i o n were 
i d e n t i f i e d as o r t h o - t r i c h l o r o s t a n n y l (N-methyl) d i p h e n y l raethyleneamine 
(compound 3.13 f 4.07g, 8 0 % ) , the d a t a f o r which are t a b u l a t e d a t 
the end o f t h i s s e c t i o n . 
3.3.1.5 Reaction between N-Methyl d i p h e n y l methyleneamine and t i n ( I V ) 
c h l o r i d e i n a 4:3 molar r a t i o i n t o l u e n e w i t h h e a t i n g . 
The r e a c t i o n procedure was repeated e x a c t l y as i n s e c t i o n 3.3.1.4. 
but the molar r a t i o was as above. Again b i s (N-methyl d i p h e n y l 
methylene ammonium) h e x a c h l o r o s t a n n a t e (2.65g 92;;,f compound 3.14) and 
o r t h o t r i c h l o r o s t a n n y l (N-methyl) d i p h e n y l methyleneamine (1.52g, 46%) 
compound 3.15) were i s o l a t e d . 
3.3.1.6, R e a c t i o n between N-methyl d i p h e n y l methyleneamine and t i n ( I V ) 
c h l o r i d e in_.a 2:1 molar r a t i o i n t o l u e n e i n the presence of 
t r i p h e n y l amine a t room temperature. 
The r e a c t i o n procedure was e x a c t l y as i n s e c t i o n 3.3.1.2 u s i n g 
Ph2C=HI.'!e (1.5 mis, 8.1 mi.noles) and S n C l 4 (0.5 mis 4.3 mmoles) t o g i v e 
an immediate w h i t e p r e c i p i t a t e . Phy\T (0.39g, 3.6 mmoles) d i s s o l v e d 
i n t o l u e n e (5 mis) was added t o g i v e a deep y e l l o w p r e c i p i t a t e which, 
a f t e r s t i r r i n g f o r 24 hours, was i s o l a t e d by f i l t r a t i o n and i d e n t i f i e d 
as b i s (N-methyl d i p h e n y l methyleneammonium) h e x a c h l o r o s t a n n a t e 
(Ph 2C =NHMe) 2 SnClg , contaminated w i t h s a l t s o f p r o t o n a t e d t r i p h e n y l ' -
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amine, e i t h e r the h y d r o c h l o r i d e o r a c h l o r o s t a n n a t e (compound 3.16, 
1.43g). 
The f i l t r a t e was placed i n the f r i d g e upon which c r y s t a l s grew 
over a week and were i s o l a t e d and i d e n t i f i e d as o r t h o t r i c h l o r o s t a n n y l 
(N-methyl) d i p h e n y l methyleneamine. (Compound 3.17, 0.50g, 29 
3.3.1.7 Re a c t i o n between N-methyl d i p h e n y l methyleneamine and T i n ( I V ) 
c h l o r i d e i n a 1:1 molar r a t i o i n e t h e r a t room temperature 
Fh^C—Wie (4.6 mis, 24.9 mmoles) d i s s o l v e d i n d i e t h y l e t h e r (5 mis) 
was added t o SnCl^ (2.9 mis, 24.9 mmoles) i n a n i t r o g e n purged•Sehlenk 
tube a t 77K and allowed t o heat up s l o w l y and gave a w h i t e s o l i d . I t 
was d i s s o l v e d i n e t h e r (50 mis) and p l a c e d i n the f r i d g e t o g i v e a 
c r y s t a l l i n e p r o d u c t which upon i s o l a t i o n was i d e n t i f i e d as a m i x t u r e 
of b i s - ( N - m e t h y l d i p h e n y l methylene ammonium) h e x a c h l o r o s t a n n a t e o r 
N-methyl d i p h e n y l methylene ammonium p e n t a c h l o r o s t a n n a t e w i t h 
2-Cl_Sn-C ( rH / 1C(Ph)=NMe, (Compound 3.18, 3.64g). from the i n f r a - r e d 3 b 4 ' 
spectrum. 
3.3.1.8. Reac t i o n between N-methyl d i p h e n y l methyleneanine and T i n ( I V ) 
C h l o r i d e i n a 2:1 molar r a t i o i n the absence of a s o l v e n t 
Ph 2C=NKe (9.2 mis, 49.7 mmoles) and SnCl^ (2.9 mis, 24.9 mmoles) 
were placed i n a n i t r o g e n purged Sohlenk tube a t 77K and a l l o w e d t o heat 
up s l o w l y . Dense fumes o f hydrogen c h l o r i d e were observed and an o f f 
w h i t e s o l i d was formed. I t was s t i r r e d i n dichloromethane (50 m i s ) , 
i s o l a t e d by f i l t r a t i o n and i d e n t i f i e d as b i s (N-methyl} d i p h e n y l methylene-
anmoniura h e x a c h l o r o s t a n n a t e . (compound 3.19, 6.215g, 69$) 
C r y s t a l s of o r t h o t r i c h l o r o s t a n n y l (N-methyl) d i p h e n y l methyleneamine 
(compound 3.20, 2.22g, 22%-) were o b t a i n e d f r o m the f i l t r a t e a f t e r 
a week. 
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The f o l l o w i n g experiments were a l s o conducted t o h e l p i d e n t i f y 
t h e above p r o d u c t s . 
3.3.1.9 R e a c t i o n between N-methyl d i p h e n y l methyleneamine and 
hydrogen c h l o r i d e 
Hydrogen c h l o r i d e gas was bubbled i n t o d i e t h y l e t h e r f o r 90 minutes 
a t 0°C and N-methyl d i p h e n y l methyleneamine ( l O m l s , 54.0 mmoles) was 
added by s y r i n g e t o g i v e a s t i c k y w h i t e s o l i d which was r e c r y s t a l l i s e d 
f r o m c h l o r o f o r m t o g i v e N-methyl d i p h e n y l methyleneammonium c h l o r i d e , 
( P h 2 C = NHMe) + C l " , (compound 3.21, 3.56g, 30£). 
3.3.1.10 R e a c t i o n between N-methyl d i p h e n y l methyleneammonium 
c h l o r i d e and t i n ( I V ) c h l o r i d e i n a 1:1 molar r a t i o 
SnCl^O.3mls, 2.6 mraoles) i n CH 2 C 12 (10mls) was added t o 
(Ph 2C=NHMe) +Cl" (0.579g, 2.5 mmoles) i n CH 2C1 2 (30mls) t o g i v e an 
immediate w h i t e p r e c i p i t a t e which d i s s o l v e d a f t e r 10 minutes. 
Upon p l a c i n g i n the f r i d g e c r y s t a l s grew over a week and, a f t e r 
i s o l a t i o n , were i d e n t i f i e d ac N-methyl d i p h e n y l methyleneammoniurn 
p e n t a c h l o r o s t a n n a t e , (Ph_C = NH!.:e)+SnClc°' (compound 3.22, 0.67g, 55£). 
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3.3.1.11 R e a c t i o n between N-methyl d i p h e n y l methyleneammonium 
c h l o r i d e and t i n ( I V ) c h l o r i d e i n a 2:1 molar r a t i o 
The r e a c t i o n procedure was i n i t i a l l y e x a c t l y as i n s e c t i o n 3.3.1.10 
but 1.15g (5.0 mmoles) o f (Ph 2C =NHI£e) +Cl~ were used w i t h t h e SnCl^ 
(0.3mH(2'b«««^. An immediate w h i t e p r e c i p i t a t e was formed and d i d not 
d i s s o l v e i n the r e a c t i o n m i x t u r e . Upon i s o l a t i o n by f i l t r a t i o n i t was 
i d e n t i f i e d as N-methyl d i p h e n y l methyleneammonium p e n t a c h l o r o s t a n n a t e , 
(Ph 2C=NPE,*e) +SnCl^. A s m a l l amount o f c r y s t a l s grew i n t h e f i l t r a t e , 
a l s o N-methyl d i p h e n y l methyleneammonium p e n t a c h l o r o s t a n n a t e , 
(compound 3.23, 1.3g, 53$). 
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Compound No. ' n n Ph.C =NI.le + SnCl. — — 2 .. . . . 4 n = 1,2 o t h e r methods -
Name & Structure 
2 -
[ P h 2 C = N H M e ] " 2 Sn C t 6 

















-Un Empirical Formula C ? R H 9 R N 9 C I ^ 
Infra-red, v cm°n KBT d i s c m „ ^ i d i 1 H N.H R F V ' y - ^ 
CTsraRiismiiBifflr™r.^!a 
3l60m,b, 3045m,b, 2930w/m,b, 1640s, 
1590m/s, 1580m/s,shl, 1500w,shl, 1489 
w.shl, 1458m,shl, 1433m/s, 1400m, 1326 
m.shl, 1310m,shl, 1299m/s, 1280m,shl, 
1185w,shl, 1l64m/s, 1070w, 1030w, 999 
m/s,sh, 992m/s,shl 936m, 912w/m, 824 
m/s, 777m/s, 762s, 719m/s, 707s, 690m, 











m/e Fragment Ion 1 m/e Fraqmenl Ion 1 
77 p-n+ 100 225 c n C l 3 + 100 
91 PhCH 2 + 100 260 s nCl . 4 + 12 
104 PhCNH+ 38 294 [SnCl_ 5 - i ] + 2.0 
118 PhCMie + 100 315 ? 1.5 
119 PhCMleH + 99 
120 Sn + 26 
155 S n C l + 58 
165 [ph 2c - H] + •75 
180 Ph 2CN + 45 
190 S n C l 2 + 25 
195 Ph CNHe+ 100 
Other Informat ion 1 1^Sn Mossbauer spectrum ( t a b l e 3.16) 
Compound No. 
3.7 
Origin 2 ^ : = NMe + SnCl, 4 
Name & Structure 
2 [ P h 2 0 NMe ] . S n C l 4 




C 50.4 (51.7) 
H 3.4 ( 4.0) 
N 4.1 ( 4.3) 
Sn 18.4 (18.2) 
CI 21.6 (21.8) 
Empirical Formula c 2 8 H 2 6 N 2 c l 4 S n 
Infra - red. V Cm" 1 KBr d i s c 1H N.M .RdfiDUSO ; E x t . TMS 
S ppm Mult. J, Hz Int. Assiqn. 
3440w,b, 3220m,b, 3180m,b,shl, 3050w/m, 
1735m,b, I6l8ra/s, 1594m/s, 1523m, 1556 
m, 1540m, 1470m, 1439m/s, 1401m, 1331m, 
1300m/s, 1281m/s, 1186m, 1174m, 1152m, 
1118w/m, 1088w, 1075w, 1039w, 1017m/s, 
1000w/m, 941w/m, 922w, 853w, 828m, 788 
m/s, 784m/s, 772m, 758m/s, 733m/s, 724 
m, 707s, 698m/s, 687m,shl, 666m, 647m, 
549w/m, 490w/m, 483m, 456w, 448w, 420m, 













m/e Fragment Ion 1 m/e Frag men Ion I 
36 HC1 + 100 195 p h 2 CNl;e+ 100 
51 ° 4 H 3 + 38 225 S n C l 3
+ 24 
77 Ph + 100 260 S n C l / 4 2.3 
91 PhCH„ 48 
103 PhCN+ 13 
118 PhCNMe + 100 
120 Sn + 4.2 
155 SnCl + 9.1 
166 Ph 2C + 21 
181 Ph 2CNH + or PhCMe+ 14 
190 S n C l 2 + 3.8 
Other Information 




 W " -"4 
o t h e r methods - see t e x t 
Name & Structure 
3 I in. p i 
















C 1 AH 1 pNSnCl, 
Infra-red, v c m - i p r disc (fig.3.i4)| 1H N.M.R CDCI 8 Ext TMS 
3045w, 2920w, 2780vw, I622m/s, 1570m, 
1560ra, 1490w/m, 1438m, 1400w/m, 1311s, 
1304s, 1183m, 1160m, 1120m, 1100w/m, 
1075w/m, 1036m, 1017m/s, 998w/m,shl, 
990w/m,shl 971w, 957w, 940m, 914w/m, 
879m, 852vw, 783m/s, 770s, 728s, 708s, 
681m, 669m, 658m, 480m, 428m, 419m, 






























PhC.H.C 6 4 
PhC,H,CN+ 6 4 
PhCgH CMMe+ 
S n C l 3 + 


















[194 + Sn] + 
[194 + 155] + 
[194 + S n C l 2 ] + 







Other Information 1 3 c and 1 1 9 s n N.M.R. and P.A.B. 
s p e c t r a , c r y s t a l s t r u c t u r e - see t e x t 
mass 
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Compound No. Origin 
PhgC = NMe + HC1 
Name & Structure 
P h 2 C = N H M e * CI 
















Empirical Formula c 
l 1 H N . H . R l n i ° ' m I n f r a - r e d , v c m " 1 KBT d i s c 
3020m, 2995m, 2500m/s,b, 1650s, 1589 
m/s, 1571m/s, 1490m, 1467m, 1435m/s, 
1410rn,shl, 1375w/m,shl, 1330m/s, 
13l5m/s,shl, 1305s, 1273s, 1191w/m, 
1175m/s, 1l67n/s, 1145m/s, 1102m, 
1071m, 1028m, 1002m, 998m/s, 989m/s, 
966m/s, 939m, 927m/s, 854m, 805w/m, 
785s, 771s, 720m/s, 700s, 649m/s, 
611m, 559s, 459m, 451m/s, 405w/n, 
3S7w/m, 350m, 300w/m,shl. 
Mass Spectrum 















Other Information 13 C N J i U R > ( t a b l e 3 o 1 3 ) f i g o 3 > 1 1 ) # 
Compound No. Origin Ph„C = MHI.'ie CI + SnCl. 2 4 
Name & Structure 
P h 2 C = N H M e + S n C l 5 
(N-methyl) d i p h e n y l methylammonium p e n t a c h l o r o s t a n n a t e 
Elemental Analysis 
C 32.6 (34.2) 
H 2.8 ( 2.9) 
N 2.5 ( 2.9) 
Sn 23.5 (24.1) 
CI 35.5 (36.0) 
Empirical Formula c u l l u ^ c l 5 S n 
m.pt. 
MH N.M.R. c o d , ; m t . TI I n f r a - r e d , v cm^KBr a i s c 
3198m,b, 3060m,b, 2920w/m, 
m/s, 1588m/s, 1499w, 1483w, 
1435m/s, 1397w/m, 1326m,shl 
1298m/s, 1190w/m,shl, 1169m 
1033w/ra, 1001m,shl, 998m/s, 
s h l , 936m, 911w/m, 825m/s, 
s, 718m/s, 706s, 689m, 678m 

















m/e Fragment Ion I m/e 
77 p h+ 28 269 
103 PhCN4 10 304 
118 Phc:r.:c+ 37 
120 Sn + 21 
155 SnCl + 91 
165 [ p h 2 c - H ] + 2.6 
180 Ph 2CN + 2.2 
182 Ph 2CNIi 2 + 14 
190 S n C l 2 + 37 
225 S n C l 3 + 6.9 




Other Information 1 1 9 S N N.M.R. spectrum ( t a b l e 3.15) 
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3.3.1.12 Re a c t i o n between N-methyl d i p h e n y l methylammonium 
c h l o r i d e and t i n ( I I ) c h l o r i d e 
S n C l 2 (0.575g, 3.0 mmoles) i n TIIF (5 mis) was added t o 
(Ph 2C =N]JT.?e) + C l ~ (0„656g, 2.8 mmoles) i n CH 2C1 2 (15 mis) t o g i v e a 
c l e a r y e l l o w s o l u t i o n which upon r e d u c t i o n i n volume i n vacuo 
y i e l d e d a w h i t e s o l i d (compound 3.24). This w £s i d e n t i f i e d as 
N-methyl d i p h e n y l methleneammonium t r i c h l o r o s t a n n a t e (Ph,,C =NH"e +SnCl^ ) 
(0.54-gi 45%) by comparison o f i t s s p e c t r a w i t h those of an 
a u t h e n t i c sample. 
3.3.2. D i s c u s s i o n of R e s u l t s 
3.3.2.1 As most o f the s p e c t r o s c o p i c techniques used r e l y on the o r g a n i c 
p a r t s o f o r g a n o m e t a l l i c compounds one would n o t expect a s i g n i f i c a n t 
change i n the s p e c t r a upon v a r y i n g the i n o r g a n i c half- i . e . SnCl^ t o 
2-
SnCl,. t o SnClg . The s p e c t r a of these N-methyl d i p h e n y l methylene-
ammoniuir. s a l t s w i l l have s i m i l a r f e a t u r e s t o those discussed i n the 
p r e v i o u s s e c t i o n , i n p a r t i c u l a r N-methyl d i p h e n y l methylene ammonium 
t r i c h l o r o s t a n n a t e , so i t i s not necessary t o r e p e a t the d i s c u s s i o n 
except t o note t h a t the mass s p e c t r a should c o n t a i n peaks a t t r i b u t a b l e 
t o S n C l 4 + (260 ) , S n C l 5 + (295) and S nClg + (331). However, the l a t t e r 
two appear t o be very weak or not observable a t a l l . As a r e s u l t 
t h e m a j o r i t y o f the peaks i n the mass spectrum o f the h e x a c h l o r o s t a n n a t e 
are v e r y s t r o n g i n o r d e r t o observe a S n C l * fragment peak o f o n l y 
5 
2% r e l a t i v e i n t e n s i t y , but the S n C l g + fragment i s not observed even 
a t t h i s m a g n i f i c a t i o n . 
The t i n ( I V ) c h l o r i d e adduct SnCl^.2Ph2C=NMe o b v i o u s l y w i l l have 
a d i f f e r e n t i n f r a - r e d spectrum t o the i o n i c species (Ph CNHMe) 9SnCl r . 
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The imine s t r e t c h i n g frequency i s l o w e r than t h a t of the unco-
o r d i n a t e d base as expected. Any changes i n the ^H. n.m.r spectrum 
are d i f f i c u l t t o d i s t i n g u i s h anc the o r g a n i c fragments of the mass 
spectrum w i l l be s i m i l a r t o those of t h e s a l t s but one u n i t l o w e r . 
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The most u s e f u l means of i d e n t i f i c a t i o n w i l l t h e r e f o r e be Sh n.m.r 
and Tlossbauer spectroscopy, a l t h o u g h s o l u b i l i t y problems l i m i t the 
35 
f o r m e r . CI n.q.r spectroscopy cou l d be used t o s t u d y whetner 
the l i g a n d s adopt a c i s or t r a n s arrangement• 
As p r e p a r a t i o n of the o r t h o m e t a l l a t e d compound, o r t h o -
t r i c h l o r o s t a n n y l N-methyl d i p h e n y l methyleneamine has been achieved i t 
i s u s e f u l t o d i s c u s s here the e f f e c t o f o r t h o m e t a l l a t i o n on the 
s p e c t r a i n comparison t o those of the s a l t s which are formed as by-
p r o d u c t s i n the r e a c t i o n . These o b s e r v a t i o n s w i l l be u s e f u l i n 
i d e n t i f y i n g the compounds i n the f o l l o w i n g s e c t i o n . 
There are two prominent changes upon o r t h o m e t a l l a t i o n :-
( i ) S u b s t i t u t i o n of the phenyl r i n g 
( i i ) C o o r d i n a t i o n of the t i n atom. 
( i ) Upon o r t h o m e t a l l a t i o n the phenyl r i n g becomes 1 , 2 - d i s u b s t i t u t e d . 
I n the i n f r a - r e d spectrum t h i s w i l l be r e f l e c t e d by a new s t r o n g peak a t 
a p p r o x i m a t e l y 730 cm which may be a t t r i b u t e d t o v(C-H) f o r t h e 
a romatic r i n g t a k i n g p a r t i n o r t h o m e t a l l a t i o n ( f i g . 3.1W). However, 
t h i s s p e c t r o s c o p i c i n d i c a t i o n of o r t h o m e t a l l a t i o n cannot be used f o r the 
p a r a s u b s t i t u t e d d e r i v a t i v e s i n the n e x t s e c t i o n as t h e r e i s no 
s i g n i f i c a n t change i n t h i s r e g i o n (900-675 cm between 1 , 4 - d i s u b s t i t u t e d 
and 1,2,4 t r i s u b s t i t u t e d phenyl r i n g s [ 2 3 ] . The 1H n.m.r. spectrum 
w i l l a l s o be a f f e c t e d by t h i s change but as the a r o m a t i c p r o t o n 
resonance i s a l r e a d y s p l i t i n t o a compley raultiplet any change w i l l 
be d i f f i c u l t t o d i s t i n g u i s h . 
84 
The o r t h o m e t a l l a t e d m a t e r i a l l a c k s the N-H bond of the methylene-
ammonium s a l t s so peaks a t t r i b u t a b l e t o i t are now absent f r o m the 
i n f r p - r e d spectrum. 
13 ' ' The C n.m.r. spectrum of 2Cl.jSnCgH^C(Ph)C=-NMe, al o n g w i t h 
those of Ph 2C->niI.>e +Cl" and Ph 2C =Kffi. rie +SnCl 3" are g i v e n below 
( t a b l e s 3.11 t o 3.13 and f i g 3.11). 
Table 3.11 
13 
JZ IT.M.R. spectrum o f 
( f i f t - 3.11) 
C=N 
SnCl. 
Chemical S h i f t , ppm*t Assignment 
37.07 a 




132.47 f , i f D t k . l 
132.61 I c.p.h 133.48 >• l o r ' 
134.48 




J0 N.M.R. Spectrum o f 
( f i g . 3.11) 













d , e , h , i 
c f g , i m p u r i t y 











(ppm) 200 i f e l f c Bb 40 0 
(iii) 
I CDC I • II- ~ I J1 f . I i _ • - I I CI, TMS 1 L 
1 • Ippm) 200 160 120 80 (0 
13 F i 11 C N.M.R. Spectra of (±) Ph,C = NHMe CI ( i l ) Ph C=NHMe SnCl and 
Table 3.13 
1 3C I'l.M.R. Spectrum o f 
( f i f i . 3.11) 
* t 




128.84 a, e. h, i 
128.99 
129.34 c, g 
129.40 a, e h, i 
130.84 g 
131.88 a, e i 
131.96 





* R e l a t i v e t o TMS, CDCl^ s o l v e n t . 
t A l l peaks are s i n g l e t s and the i n t e n s i t i e s are c o r r e c t f o r t h e 
above assignments. 
I n t h e n o n - o r t h o m e t a l l a t e d compounds the/phenyl r i n g s are 
e q u i v a l e n t whereas upon o r t h o m e t a l l a t i o n one r i n g i s d i s u b s t i t u t e d 
so d i f f e r e n t s p e c t r a are t o be expected. The spectrum o f the 
t r i c h l o r o s t a n n a t e has t h r e e peaks v e r y c l o s e t o one a n o t h e r 
(129.55- 129.31 and 129.94 ppm) and a separate one at 132.20 ppm 
as s i g n a b l e t o carbon atoms d,e,h and i . S e p a r a t i o n of t h e h i g h 
frequency peat may be due t o i t s carbon atoms being c l o s e r t o the 
t i n atom t h a n the o t h e r s . 
The azomethine carbon resonance does n o t appear t o be v e r y 
dependant on the an i o n but i s s i g n i f i c a n t l y h i g h e r than t h a t o f the 
o r t h o m e t a l l a t e d m a t e r i a l . 
87 
-19B 
14 5 165 
F i g . 3.12 F.A.B Mass Spectrum ( p o s i t i v e ) o f 2-C1 Sn-C^ -H C(Ph) =NMe. 
88 
Also the mass s p e c t r a of the s a l t s c o n t a i n e d s e p a r a t e peaks f o r 
each i o n and t h e i r breakdown. The mass spectrum o f the o r t h o m e t a l l a t e d 
m a t e r i a l 2-C1 ^ n-CgH^C(Ph)= NT>1e c o n t a i n s a p a r e n t i o n peak a t m/e419, 
a l t h o u g h v e r y weak. The o r t h o m e t a l l a t e d r i n g i s q u i t e s t a b l e and 
consequently t h e c h l o r i n e atoms are l o s t f i r s t , f o l l o w e d by breakdown 
o f the r i n g . T h i s i s supported by t h e P.A.3. mass spectrum ( t a b l e 
3.14. f i g . 3.12). 
Table 3.14 
F.A.B. Mass Spectrum o f 2-Cl 3Sn-C c ;H 4C(Ph)=HKe. ( I I I . 2 ) 










[ S n C l + - 1] 
ThCrEAC+ 6 4 
PhC,HCH + 6 4 
[ S n C l 2 + - 1] 
IPhgCNMe + H ] + 

















PhC^H.CMeSnCl 6 4 
PhC.H.CNI.'ieSnCl* b 4 2 
[ PhCgH CHMeSnCl + l j f 
( I I I . 2 4- H) + 
( I I I . 2 + Me) + 
Recombination 









( i i ) The change i n c o o r d i n a t i o n and symmetry o f t h e t i n atom upon 
o r t h o m e t a l l a t i o n i s i l l u s t r a t e d i n f i g . 3.13. 
/Ok ci 
\ / « 0 
.Sn. . S n — C I 
C l ^ | ^ C l C l ^ | 
CI CI 
SnCl. SnCl, 





C l ^ | ^ C l 
CI 
SnCl 2-
3h octahedral 0. 
- S n — CI 
C l ^ l 
CI 
orthometallated 
m a t e r i a l 
t r i g o n a l 
bipyramidal 
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This change i s observed i n the i n f r a - r e d spectrum f i g . 3.14 
i n the r e g i o n below 400 cm where t i n - c h l o r i n e bond v i b r a t i o n s 
occur. 2Cl^nCgH^C(Ph)= Nf.:e g i v e s two such peaks (symmetric and 
a n t i s y m m e t r i c s t r e t c h i n g ) as expected f o r , a p y r a m i d a l SnCl^ group 
(Co symmetry). The h i g h e r energy peak, v (Sn-Cl) may be expected, 
a l t h o u g h c l e a r l y t h i s i s n o t t h e case f o r t h i s p a r t i c u l a r example, 
t o be s p l i t due t o d i s t o r t i o n o f the t r i g o n a l bypyramid by t h e 
c h e l a t i n g l i g a n d [ 1 7 ] . 
The change i n c o o r d i n a t i o n a t the t i n atom i s e a s i l y d i s t i n g u i s h e d 
11° 
by 'Sn n.m.r spect r o s c o p y , as sr.own i n t a b l e 3.15 where a decrease 
2_ 
i n c o o r d i n a t i o n number from s i x (e^g.SnClg ) t o f i v e 
( e .g. o r o t h o m e t a l l a t e d compound) causes a l a r g e down f i e l d s . a i f t . 
Table 3.15 
119 
Sn N.r...R. Chemical s h i f t s t o show the e f f e c t o f O r t h o m e t a l l a t i o n 
Compound Chemical S h i f t , p p m Ref. 
2-Cl_Sn-C cH.C(Ph) =NMe a 3 b 4 -241.45 b 
2(Ph 2C = NMe).SnCl 4 a c b 
(Ph 0C = NItt:e) +SnCl ~ & -516.74 b 
( P h 2 C = N H M e ) + 2 S n C l 6 2 " & c b 
t 1 d Bu gSnCHgCHgO -223 [ 2 4 ] 
Bu.P.SnCl. 3 4 -573 [ 2 4 j 
Bu,N +SnCl ~ 4 5 -479 [24] 
X B u 4 N ) + 2 S n C l 6 2 ' -732 [24] 
a = CH 2C1 2 s o l v e n t ; b = t h i s work; c = no peak observed p o s s i b l y 
due t o low s o l u b i l i t y ; d = benzene s o l v e n t . 
F u r t h e r examples are g i v e n i n s e c t i o n 3.4. 
a, CO 
CO 
in CM CM 
U3 
a> 




Sn Iv'6'ssbauer spec t r o s c o p y i s a l s o a u s e f u l t o o l f o r 
d e t e r m i n i n g whether o r t h o m e t a l l a t i o n has occured. 
The isomer s h i f t depends on t h e ' s' e l e c t r o n d e n s i t y a t t h e t i n 
nucleus and can t h e r e f o r e be used t o e s t a b l i s h the o x i d a t i o n s t a t e o f 
the t i n atom, the n a t u r e of t h e bonds t o atoms o r i o n s a t t a c h e d 
( i o n i c / c o v a l e n t and h y b r i d i s a t i o n ) and the c o o r d i n a t i o n number o f 
the t i n atom. A decrease i n the c o o r d i n a t i o n number, f o r example 
2_ 
from changing from SnClg ( s i x c o o r d i n a t e ) t o t h e o r t h o m e t a l l a t e d 
compound ( f i v e c o o r d i n a t e ) causes the t i n atom t o have a h i g h e r 
•s' e l e c t r o n d e n s i t y (as i t s use o f ' 5d' o r b i t a l s f o r bonding i s 
decreased) and consequently a h i g h e r . c h e m i c a l s h i f t as i l l u s t r a t e d 
below. 
Table 3.16 
E f f e c t o f t h e C o o r d i n a t i o n Number o f T i n on i t s Mb'ssbauer Isomer S h i f t 
Compound C o o r d i n a t i o n 
Number 
Isomer S h i f t 
mm s e c " 1 
Ref. 
2-Cl-Sh-C,H.C(Ph)=NKe 3 b 4 5 0.938 a 




2-Cl 3Sn>4-ei-C 6H 3C(p-ClC 6H 4)=NH 5 0.764 c [17] 
2-Cl 3Sn-C gH 4C(Ph)=NH 5 0.716 c [17] 
Me^SnCl.py 5 1.53 [25] 
BuySnCl. q u i n o l i n e 5 1.25 [26] 
(Ph.C) + SnCl ~ 
J 5 
5 0.63 [27] 
( PlXgC = KHM e ) £ + S n C l g 2 " 6 0.44 a 
( N H 4 ) + 2 S n C l g 2 " 6 0.48 [28] 
( M e ^ ) * S n C 1 6 2 " 6 0.50 [29] 
a = t h i s work; b = r e l a t i v e t o BaSn0 3 ( = Sn0 2 w i t h i n e x p e r i m e n t a l 
e r r o r ; c <= r e l a t i v e t o CaSnO . 
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Table 3.16 t h e r e f o r e shows t h a t t h e new compounds have isomer 
s h i f t s w i t h i n the expected r e g i o n s f o r t h e i r r e s p e c t i v e t i n atoms. 
The quadrupole s p l i t t i n g r e f l e c t s the d e v i a t i o n from symmetry 
of the '5p' valence e l e c t r o n s around t h e t i n atom as a r e s u l t o f the 
s p a t i a l arrangements and e l e c t r o n e g a t i v i t i e s o f t h e groups o r atoms 
a t t a c h e d t o i t . Hexachlorostannates t h e r e f o r e have zero quadrupole 
s p l i t t i n g as t h e c h l o r i n e atoms are symmetrically placed around the 
t i n atom. Conversely, s t r u c t u r e s w i t h the t i n atom a t t h e c e n t r e o f a 
t r i g o n a l b i p y r a m i d , such as t h e o r t h o m e t a l l a t e d m a t e r i a l , should have 
a l a r g e quadrupole s p l i t t i n g . T h i s i s indeed the case f o r 
2-ClJjn-C,H i lC(Ph) •- l i e which has a A value o f 1.799 mmsec"1. 
3 fa 4 
3.3.2.2 C r y s t a l l o g r a p h i c S t u d i e s 
The X ray c r y s t a l s t r u c t u r e of o r t h o t r i c h l o r o s t a n n y l (N-methyl) 
j r - — 1 
d i p h e n y l methyleneamine, 2-Cl.jSn-CgH^C(Ph)—NKe, has been determined 
a c c o r d i n g t o f i g . 3.15 and t a b l e 3.17. 
C 1 4 H 1 2 N C l 3 S n ' K = 4 1 9 ' 3 ' m o n o c l i n i c , a = 11.538(2), b = 13.764(2) 
c = 11.442(2) A, U = 1161.5 A 3, Z = 4, D = 1.728g cm" 3, F(000) = 816, 
c 
o 
space group P2^/C, Mo-K^ r a d i a t i o n , A = 0.71069 A, Stoe-Siemens AED 
d i f f r a c t o m e t e r , g r a p h i t e monochromator, P a t t e r s o n s y n t h e s i s . 
The f i v e c o o r d i n a t e t i n atom forms the c e i i t r e o f a s l i g h t l y 
d i s t o r t e d t r i g o n a l bypyramid. The m e t a l l o c y c l e i s formed w i t h the 
n i t r o g e n atom i n the a x i a l and carbon atom i n the e q u a t o r i a l p o s i t i o n 
i n accordance w i t h the r u l e t h a t t h e l e s s e l e c t r o n e g a t i v e s u b s t i t u e n t s 
( t h e carbon atom h e r e ) tend t o occupy the e q u a t o r i a l s i t e s i n a 
t r i g o n a l b i p y r a m i d a l arrangement. The c h l o r i n e atoms f i l l the 
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Table 3.17 C r y s t a l S t r u c t u r e Data of 2CljSnC t-H^C(PhV= MMe 
Bond lengths (51) 
Sn-Cl(1) 2.335(1) Sn-Cl(2) 
Sn-Cl (3) 2.401(2) Sn-N 
Sn-C(4) 2.115(3) N-C( l ) 
N-C(2) 1.273(4) C(2) -C(3) 
C(2)-C(9) 1.494(6) C(3) -C(4) 
C(3)-C(8) 1.385(5) C(4) -C(5) 
C(5) -C(6) 1.386(6) C(6)-C(7) 
C(7)-C(8) 1.398(8) C(9)-C(10) 
C(9)-C(14) 1.388(8) C ( 1 0 ) - C ( l l ) 












Bond angles ( ) 
Cl( 1 ) -Sn-Cl (2 ) 105.4(1 
C l ( 2 ) - S n - C l ( 3 ) 96.7(1 
Cl (2 ) -Sn-N 90.0(1 
C l ( l ) - S n - C ( 4 ) 135.9(1 
Cl (3 ) -Sn-C(4 ) 99.1(1 
Sn-N-C(l) 124.7(2 
C ( l ) - N - C ( 2 ) 122.4(4 
N-C(2)-C(9) 122.8(4 
C(2 ) -C(3 ) -C(4 ) 118.3(3 
C(4 ) -C(3 ) -C(8 ) 119.8(4 
Sn-C(4)-C(5) 125.5(3 
C ( 4 ) - C ( 5 ) - C ( 6 ) 119.2(5 
C(6 ) -C(7 ) -C(8 ) 120.2(4 
C(2) -C(9) -C(10) 122.0(5 
C(10)-C(9)-C(14) 119.6(5 
C ( 1 0 ) - C ( l l ) - C ( 1 2 ) 120.2(5 
C(12)-C(13)-C(14) 120.7(6 
C l ( l ) - S n - C l ( 3 ) 
Cl (1) -Sn-N 
Q ( 3 ) - S n - N 




C(3 ) -C(2 ) -C(9 ) 
C(2 ) -C(3 ) -C(8 ) 
Sn-C(4)-C(3) 
C(3 ) -C(4 ) -C(5 ) 
C(5 ) -C(6 ) -C(7 ) 
C(3 ) -C(8 ) -C(7 ) 
C(2) -C(9) -C(14) 
C ( 9 ) - C ( 1 0 ) - C ( l l ) 




















e q u a t o r i a l ones. Table 3.18 l i s t s t i n - c h l o r i n e bond l e n g t h s 
f o r r e l a t e d compounds i n c l u d i n g t h e f o u r c o o r d i n a t e t r i p h e n y l 
t i n c h l o r i d e f o r comparison. 
Table 3.18 
T i n - C h l o r i n e Bond l e n g t h s f o r some Organo T i n Compounds. 
Compound A x i a l Sn-Cl.A E q u a t o r i a l Sn-Cl. A Ref. 
NMe 2.401(2) 2.335(1) 
2.323(2) 















Angles o f 77.1(1) f o r N-Sn-C(4) and 99.1(1) f o r Cl(3)-Sn-C(4) 
r e f l e c t the degree of d i s t o r t i o n f r o m the p e r f e c t t r i g o n a l 
b i p y r a m i d f o r which these angles s h o u l d each be 90°. The 
N-Sn-Cl(3) angle o f 1 7 3 . 2 ( 1 ) , which i s close t o t h a t of 180° f o r the 
i d e a l t r i g o n a l b i p y r a m i d , i s c l e a r evidence f o r i n t r a - m o l e c u l a r 
i n t e r a c t i o n of the n i t r o g e n atom. Conversely i n i t s absence the 
t e t r a h e d r a l s t r u c t u r e adopted would r e q u i r e bond angles approaching 
109 28' 
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Evidence f o r the d a t i v e bond i s supported by comparison o f the 
t i n - n i t r o g e n bond l e n g t h w i t h i t s v a l u e s f o r known compounds as 
t a b u l a t e d below. 
Table 3.19 
T i n - N i t r o g e n Bond l e n g t h s f o r some Organo-Tin Compounds. 
Compound 
e 
Sn-N Bond Length. A RejF. 
Ph 
2.284(4) T h i s 
^ ^ y ^ s i c m . 2 ) work 
C 1 3 
(pMe-CgH ) 
lie*^^~~~Sn ( I I I . 3 ) 
2.260(5) [16,17] 
0 1 3 
^ ^ ^ ^ S n ( I I I . 4 ) 
2 . 5 1 1 ( 1 2 ) 
B r P h 2 
P h 2 S n C l 2 . b i p y ( I I I . 5 ) 2.344(6) + 2.375(6) [32] 
cis-(KeC = N)-.SnCl, ( I I I . 6 ) 2.311(24) average [33] 
( P h g C = N ) Sn ( I I I . 7 ) 2.068(27) [34,35] 
The t i n - n i t r o g e n bond l e n g t h o f I I I . 2 i s comparable t o t h a t o f t h e 
c l o s e l y r e l a t e d compound, I I I . 3 , and as expected i s s h o r t e r t h a n t h a t 
o f t h e t h i r d o r t h o m e t a l l a t e d s p e c i e s , I I I . 4 , due m a i n l y t o t h e r e l a t i v e 
C = N and C-N bond l e n g t h s . The t i n - n i t r o g e n bond l e n g t h s o f compounds 
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III„2 and I I I ,,3 are s h o r t f o r t i n - n i t r o g e n d a t i v e bonds i n comparison 
t o those o f t h e standard n o n ~ o r t h o m e t a l l a t e d compounds ( I I I . 5 and I I I . 6 ) . 
A l s o , as expected, t h e t i n = n i t r o g e n bond o f compound I I I . 2 , b e i n g o n l y 
a d a t i v e bond, i s l o n g e r t h a n t h a t o f a c o v a l e n t bond, as e x e m p l i f i e d 
jr 1 
by compound I I I . 7 . The tin°nitrogen bond l e n g t h o f 2-Cl^Sn-CgH^C(Ph)=Me 
r e f l e c t s the/strength o f t h e bond which depends on t h e Lewis b a s i c i t y o f 
the methyleneamine l i g a n d and the s t r a i n o f the five-membered r i n g . 
2 
The r i n g i t s e l f i s q u i t e r i g i d because the two sp carbon atoms r e s t r i c t 
r o t a t i o n about the C(3)-C(4) a x i s . I t s s t a b i l i t y i s c o n f i r m e d i n the 
mass spectrum i n which t h e t i n atom l o s e s c h l o r i n e atoms f i r s t , t h e 
m e t a l l o c y c l e r e m a i n i n g i n t a c t . 
The dimensions o f the m e t a l l o c y c l e are compared t o those o f s i m i l a r 
o r t h o m e t a l l a t e d species i n t a b l e 3.20. 
Table 3.20 
Dimensions o f O r t h o m e t a l l a t e d R i n g s * 
00" Ph ( ) NMe M ^ S n 7 ( PMe-C 6H 4) M e ^ \ ^ ^ - S n 
C 1 3 [ 1 6 , 1 7 ] C 1 3 [14] B r P h 2 
a 1.485 (6 ) 1.487(8) 1.529(16) 
b 1.273(4) 1.280(7) 1.477 ( 1 9 ) 
c 2.284(4) 2.260(5) 2 . 5 1 1 ( 1 2 ) 
d 2 . 1 1 5 ( 3 ) 2.116(5) 2.150(12) 




The dimensions o f t h e two methyleneamine m e t a l l o c y c l e s are v e r y 
s i m i l a r and as expected those o f the amine are l a r g e r , due c h i e f l y t o 
i t s s a t u r a t e d carbon n i t r o g e n bond. However, bond 'e' i s i d e n t i c a l 
w i t h i n e x p e r i m e n t a l e r r o r i n each case which i s n o t s u r p r i s i n g . The 
o 
C = N bond l e n g t h i s a l s o s i m i l a r t o t h a t o f 1.280(7) A f o r 
I 1 
2-Mn(CO) 4-C 6H 4CH=NPh [ 3 6 ] . The Sn-C(4) bond l e n g t h i s w i t h i n t h e l i m i t s 
o f 2.11-2 .15 A f o r Ph^Sn(IV) s t r u c t u r e s [14] . A l s o t h e d i s t a n c e o f atom 
C ( 2 ) from t h e c o o r d i n a t e d phenyl r i n g [ c ( 2 ) - C ( 3 ) ; 1 . 4 8 5 ( 6 ) ] and from 
t h e f r e e p h e n y l r i n g [ c ( 2 ) - C ( 9 ) ; 1,494 ( 6 ) ] i s i d e n t i c a l w i t h i n 
e x p e r i m e n t a l e r r o r . 
The d i h e d r a l angle between the two phenyl r i n g s i s 87.4°. The 
angle between t h e planes o f the two connected r i n g s (A and B, f i g . 3.16) 
i s 20.8°. 
3.16 
N e i t h e r the phenyl r i n g n o r the m e t a l l o c y c l e i s q u i t e p l a n a r . The 
l a t t e r i s s l i g h t l y f o l d e d about the Sn-C(3) v e c t o r as i l l u s t r a t e d i n 
t a b l e 3.21. 
Table 3.21 
D e v i a t i o n s f r o m P l a n a r i t y o f the M e t a l l o c y c l e 
Atom D e v i a t i o n from Plane B 
Sn -0 . 5 2 
H +0.28 
C ( 2 ) +0.25 




By comparison, t h e m e t a l l o c y c l e o f 2-Cl,Sn,4~Me-C,H C ( p - t o l y l ) = N H 
[16,17] i s r e p o r t e d t o be p l a n a r and c o p l a n a r w i t h t h e a t t a c h e d phenyl 
r i n g but p u c k e r i n g o f t h e m e t a l l o c y c l e i s r e p o r t e d f o r 
1 =
F u r t h e r examples of b o t h i n t r a - and i n t e r - m o l e c u l a r c o o r d i n a t i o n 
t r i g o n a l b i p y r a m i d a l o r g a n o t i n s t r u c t u r e s are g i v e n i n c h a p t e r 5. 
The N-methyl d i p h e n y l methylenamine d i - a d d u c t o f t i n ( I V ) c h l o r i d e 
has been formed i n a ve r y low y i e l d ( 2% ) by r e a c t i o n o f the two 
components a t room temperature i n t o l u e n e . However, the major product 
of the room temperature r e a c t i o n s i s b i s ( R - n e t h y l ) d i p h e n y l 
methyleneammonium h e x a c h l o r o s t a n n a t e o f which t h e i n f r a r e d s p e c t r a 
were i d e n t i c a l t o t h a t of an a u t h e n t i c sample. I n o r d e r t o produce 
the hexachlorostan.'iate, hydrogen c h l o r i d e must be l i b e r a t e d and 
t h e r e f o r e one v/ould e r p e c t t o o b t a i n o r t i i o m e t a l l a t e d m a t e r i a l a l s o , b ut 
i t was n o t d e t e c t e d . However o r t h o t r i c h l o r o s t a n n y l (K-methyl) d i p h e n y l 
methylenearaine was o b t a i n e d w i t h t h e r m a l a s s i s t a n c e f o r b o t h the 
1:1 and 2:1 (Pl^CITMe:SnC14) molar r a t i o r e a c t i o n s , the c r y s t a l s being 
c o s t e a s i l y o b t a i n e d ana i n the best y i e l d i n the 2:1 molar r a t i o 
r e a c t i o n . By changing the molar r a t i o t o 4:3, the s t o i c h i o m e t r i c 
amount f o r the balanced e q u a t i o n t o the or t h o r ' i e t a l l ^ . t e d m a t e r i a l and 
the h e x a c h l o r o s t a n n a t e ( e q u a t i o n 3.3 ) , the y i e l d o f the f o r m e r was 
l o w e r than i n the 2:1 r e a c t i o n so excess l i g a n d improves the y i e l d . 
2-(Ph 0BrSn)-C,H JCH 0NMe 0 [14J 
3.3.2.3. Assessment o f e x p e r i m e n t a l methods. 
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4Ph ?C —iVJe + 3SnCl A > |jh pC = I i r . e l f j 9 + SnCl f i 2~+ 2 
(3.3) 
O r t h o m e t a l l e t e d m a t e r i a l was a l s o o b t a i n e d i n t h e absence of s o l v e n t . 
The r e a c t i o n i n e t h e r was performed t o determined whether s t a b i l i s a t i o n 
by c o o r d i n a t e d e t h e r ( I I I . 8 ) ( t o g i v e c o o r d i n a t i v e l y s a t u r a t e d t i n ) 
would i n c r e a s e the ease o f r e a c t i o n or the y i e l d . 
Ph 
NMe I I I . 8 
Sn« :oEt ? 
C 1 3 
O r t h o m e t a l l a t e d m a t e r i a l was o b t a i n e d b ut w i t h no evidence o f 
c o o r d i n a t e d e t h e r i n t h e p r o d u c t . 
Hydrogen c h l o r i d e l i b e r a t i o n , and hence o r t h o m e t a l l a t i o n , may be 
encouraged by the presence o f a. base aaC thus e l i m i n a t e the need f o r 
therma l a s s i s t a n c e . 
Ph I 
Ph 2C=M,Ie + Ph 3N + S n C l 4 » Ph 3TIH + C l " + (^^^l^  ^ J^B ^3'4'^ 
However, along w i t h o r t • l o n i e t a l l a t e d m a t e r i a l (29%) b i s ( l l - m e t h y l 
d i p h e n y l ) h e x a c h l o r o s t a n n a t e , h e a v i l y contaminated w i t h P h y l h . + X 
(X = C l , SnClj- or \ SnClg) was o b t a i n e d . 
The t h e r m a l l y a s s i s t e d 2:1 ( l i g a n d : SnCl^) molar r a t i o r e a c t i o n was 
chosen f o r i n v e s t i g a t i n g d i f f e r e n t l i g a n d s as i t gave t h e best y i e l d o f 
o r t h o m e t a l l a t e d m a t e r i a l which was e a s i l y i s o l a t e d i n a pure c r y s t a l l i n e 
f o rm. 
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The p e n t a c h l o r o s t a n n a t e , r a t h e r than the h e x a c h l o r o s t a n n a t e , i s 
formed by simple a d d i t i o n of t i n ( I V ) c h l o r i d e t o N-methyl d i p h e n y l 
methyleneamine, i r r e s p e c t i v e of the molar r a t i o o f s t a r t i n g 
m a t e r i a l s . 
n (Ph 0C=NTffie) + C l " + SnCl. > (Ph 0C = NHEe) +SnCl ~ (3.5) 
2 4 2 0 
n = 1 or 2. 
S i m i l a r i l y the t r i c h l o r o c t a n n a t e may be prepared u s i n g t i n ( I I ) c h l o r i d e . 
(Ph 2C=HHKe) + C l ~ + S n C l 2 » (Ph 2C = KH13e)+ S n C l 3 ~ (3.6). 
3.4 P r e p a r a t i o n o f Ortho:v;etallated Compounds from v a r i o u s 
S c h i f f ' s Bases 
3.4.1. I n t r o d u c t i o n 
Attempted o r t h o m e t a l l a t i o n on a number of S c h a f f ' s bases was 
performed t o show the e f f e c t of s u b s t i t u e n t s i n the para p o s i t i o n of 
the phenyl r i n g ( t o be i n v o l v e d i n o r t h o m e t a l l a t i o n ) and on t h e 
n i t r o g e n atom. Also r e a c t i o n s aimed a t f o r m i n g s i x membered m e t a l l o -
c y c l e s were performed, 
H CO PhCH„CH=NR + SnCl HCl R Sn 
Cl 
( 3 . 7 ) 
as w e l l as attempts t o achieve o r t h o m e t a l l a t i o n v i a a phenyl group 
a t t a c h e d t o the n i t r o g e n atom. 
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3.4.2 E x p e r i m e n t a l 
The R e a c t i o n between IT-Phenyl 4 T'ethoxy p h e n y l methyleneamine and 
t i n ( I V ) c h l o r i d e . 
T i n ( I V ) c h l o r i d e (1.45 mis, 12.4 mmoles) i n to l u e n e ( 1 0 mis) 
was added t o N-phenyl 4-methoxy phenyl methyleneaniine 
(T teO-C 6H 4CK=NPh) ( 5 . l 6 9 g , 24.5 mmoles) i n t o l u e n e (15 mis) t o 
g i v e an immediate p r e c i p i t a t e . The m i x t u r e was reflux.ed f o r 8 hours 
and f i l t e r e d hot t o g i v e b o t h an orange s o l i d , (compound 3 . 2 5 , 5.81g) 
which was washed i n dichloromethane, f i l t e r e d and d r i e d i n vacuo 
and i d e n t i f i e d as b i s (N-phenyl 4-metho:y phenyl methylenearaine) 
t i n ( I V ) c h l o r i d e , 2 (MeO-CgK^CH^HPh). S n C l 4 , and a c l e a r f i l t r a t e 
i n which m i c r o c r y s t a l s were formed (compound 3.26, 0.26g) upon s t a n d i n g , 
which were i d e n t i f i e d as b i s (N-phenyl 4-methoxy phenyl raethylene-
ammonium) h e x a c h l o r o s t a n n a t e , UleO-CgH^CH^NHPh)"*^ SnClg^ or the 
above t i n ( I V ) d i a d d u c t mixed w i t h a low y i e l d o f o r t h o - t r i c h l o r o s t a n n y l 
£ 1 
N-phenyl 4-methoxy phenyl methyleneamine, 2-Cl^Sn, 4-MeO-CgH^CH^NPh. 
A s i m i l a r procedure was adopted f o r each of the bases t o g i v e 
the compounds l i s t e d i n t h e f o l l o w i n g d a t a t a b l e s where L i s t h e base 
used and consequently the adducts are 2L. SnCl^, s a l t s are 
+ - + 2 -
(LH) SnCl^ ,(LH) ^ SnClg and the o r t h o m e t a l l a t e d compounds are 
(L-H)SnCl,. 
Note: from some experiments only one product has been i s o l a t e d . 
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Compound No, 
3 . 2 5 
^ r''9' n 2 MeOC^CH =NPh + SnC^-A* p r e c i p i t a t e 
Name & Structure 
2 I M e O C 6 H 4 C H = NPh] . S n C l 4 
b i s (N-phenyl) 4-methoxy phenyl methyleneamine 
t i n ( I V ) c h l o r i d e 
Elemental Analysis 2 L . s n c i , 
c — 4 
Sn 
q 2 2 . 2 2 0 . 8 
Empirical Formula c 2 8 H 2 6 w 2 ° 2 c l 4 S n 
m.pt. 
d158-61 
4 9 . 5 
3 . 8 
4 . 0 





I 1 H N . M . R . d 6 D M a 0 ; E x t - ' i l u y I n f r a - r e d , v cm" 1 KBr d i s c 
3140w/ra, 3060w/m, 2975vw, 2840vw, 1636 
m.shl, 1530s, 1560s, 1539m/s,shl, 1532 
m/s,shl, 1505m/s, 1489m/s, 1470m, 1449 
m/s, 1426m,shl, 1420m, 1409m, 1369m, 
1339w/m, 1314m, 1270s, 1225m, 1176s, 
1125m, 1071m, 1026m,shl, 1013s, 1007s, 
970m, 957w/m, 924m/s, 886m/3,830s, 813 
m, 803m, 775m/s, 758m, 747m, 721w, 702 
w/m, 697m/s,sh, 695m/s, 636w, 626w/m, 
620w/m, 571m/s, 542m, 530s, 511m, 470 






7 . 1 3 
7 . 2 3 
7 . 2 7 
7 . 7 7 
7.90 



















MeOC,H.- H 6 4 




Ph 2CH + 








7 . 8 
20 
38 
6 . 6 





Ke0C,H CNPh 6 4 
KeOC^H.CIINPh"1 
6 4 












2 Me0C.H\CH = NPh + SnCl • " 4 , L. 
A m i c r o c r y s t a l s 
* from f i l t r a t e 
Name & Structure 
H 
mixture of: 
MeO C l . 
N-Ph + [MeO-C 6H 4CH=NHPh] 2.SnCl 6 
2[MeO-C 6H 4CH=NPhJ.SnCl 4 
Elemental Analysis ( L - H ) s n c i 3 
C 45.2 38.6 R 3.4 2.8 
3.9 3.2 
Sn 20.7 27.3 














I n f r a - r e d , v e i n " 1 KBr d i s c " THTTH .R.dftDKSO; E x t . TMS 
Assign. 
3180w, 3055w, 1642m, I594m/s,shl, 1577 
s, I560m/s,shl, 15 4 7 m/s,shl, 1507m, 
1451w/m, 1437w/m, 1407m, 1372w/m, 1312 
m, 1273s, 1262m,shl, 1227m, 1175s, 
1076w,b, 1018s, 925m, 896w/m, 886m, 
831m/s, 821m, 808m,shl, 774m, 762m, 
756m, 737m, 727m, 695m, 685m, 672m, 
629w,b, 566w/m, 552w, 529m/s, 464w/m, 
































[MeOCgH4 + H] + 
Sn 
MeOC,H\CNH 6 4 
SnCl + 
C 6 H 4 P h C H 2 
C^PhCN* 6 4 




















[210 + ClJ + 
SnCl 
[155 + 2 0 9 ] + 
[190 + 21o] + 
[210 + 2 2 5 ] + 







2-C1 Sn4MeOCgH CHN3h 




Origin 2 C1C,HCH sNPh + SnCl,. 6 4 4 p r e c i p i t a t e 
Name & Structure 
2 [ C l C 6 H 4 C H = N P h l . S n C l 4 
b i s 4 - c h l o r o (R-phenyl) methyleneamine t i n ( I V ) c h l o r i d e 
Elemental Analysis 
C 45.6 (45.D B 2.7 ( 2 . 9 ) 
3.8 ( 4.0) 
Sn 17.4 (17.2) 
Cl 30.8 (30.7) 
Empirical Formula 
I n f r a - r e d , v c m - i o r d i s c 
160-2 
C 2 6 H 2 0 N 2 C 1 6 S n 
3165W, 3060w/m, 1650m, I605m,shl, 1581 
s, 1560m/s,shl, 1491m,shl, 1482m, 1451 
m.shl, 1425m, 1399m, 1376m, 1339VW, 
1311m, 1281m, 1242m, 1210m/s, 1192m/s, 
1162m, 1120w/m, 1098s,sh, 1074m, 1030m, 
1014m/s, 1 0 0 5 m ,shl, 979m, 967w/m,949w/m 
928ra/s, 886m/s, 831m/s, 815s, 799m, 755 
m, 759m, 733s, 708m/s, 691m/s, 589w, 
571m/s, 524m/s, 497m/s, 486m, 430m, 361 
w/m, 3 3 2 s , 298m, 283m. 
I 1 H N.M.R.^DMSO; Ext. TMiT 
Mass Spectrum 
m/e Fragment Ion 1 
77 98 
91 PhN + 15 
104 CHNPh+ 74 
111 C I C C H / 
6 4 8 . 9 
124 C1C,H.CH+ 6 4 2.5 
138 C1C.H CHN+ 0 4 3 . 9 
155 S n C l + 15 
179 C,-H.CNPh+ 6 4 10 
215 ClC 6H 4CHNPh + 96 
217 [ciCgl^CHNHPh + H] + 100 
225 S n C l 3 + 38 








» m Ph 
CH 
m/e Fragment To? 
Other Information 
106 
Compound No. Origin 
3 .28 I 
Name & Structure 
2 Ph 2C = KPh + SnCl 4. p r e c i p i t a t e 
P h 2 C = N H P h * S n C l 5 
( N - p h e n y l ) d i p h e n y l methyleneammonium p e n t a c h l o r o s t a n n a t e | 115 
C 41 . 3 
H 2 . 7 
N 2 . 2 
Sn 2 1 . 3 
CI 3 2 . 1 
Empirical Formula c 1 QH l 6Nci,.sn 






l 1 H N.M.R. Q6 D M S°; E x t . TMS I n f r a - r e d , v cm-i KB^ ,HH« 
3 3 7 0 m ,b, 1595m/s, 1560m, 1465m, 
1452m, 1339m, 1302m, 1276m/s, 1207 
w/m, 1185w, 1170w, 1156m,shl, 1149m, 
1076w/m, 1025w/m, 997m, 96lw/m, 918m, 
857m/s, 828m/s, 779m/s, 7 6 4 s , 726m/s, 
691s, 669m,shl, 637vw, 615w, 585m/s, 





» m Ph 
















[Ph 2C - H ] + 
Ph 2CN + 
S n C l 2 + 
S n C l 3 + 
'[PhgCMPh - H] H 
97 














2 Ph„C = NPh + SnCl 
Name & Structure Ph 
o r y s t a l s f r o m 
t 
S n C l 3 





3 . 5 
2 . 1 
1 3 . 9 




Empirical Formula c i q H 1 A N c i ^ s n 
(47.4) 
( 2.9) 
( 2 . 9 ) 
( 2 4 . 6 ) 
(22.1) 
MH N-M-R. 0 0 0 1^? E 3 c t » ™ s I n f r a - r e d , v e i n " 1 KBT- disc 
3150m,b, 2920m/s f 2855m, 1920w, 1805w, 
1609s, 1 5 9 5 s , 1578s, 1562s, 1492m/s, 
1470m/s, 1455m/s, 1446m,shl, 1375w, 
1332m/s, 1309m,shl, 1298m, 1275m/s, 
1216m, 1184m, 1162m, 1151m, 1103w/m, 
1075m, 1025m, 1000m/s, 971m,shl, 966m, 
930m, 918m, 844m, 824m/s, 784s, 773m/s, 
761s, 728s, 692s, 640m, 620m, 588m/s, 
552s, 498m/s, 451m, 402m, 3 7 5 s , 359s, 




7 . 7 7 






















C 4 H 3 
C 5 H 5 H 
Ph + 
PUT 
PhCNH 2 + 
Sn + 
SnCl + 
[ph 2C - H] + 


















2C1 SnCgH C(Ph)=NPia 
6.8 
37 
2 . 2 




Origin 2 PhCH = NPh + SnCl -• p r e c i p i t a t e 
Name & Structure 
2 [ P h C H = N P h ] . S n C l 4 




C 50.2 ( 5 0 . 1 ) 
H 3.8 ( 3.6) 
N 4 . 1 ( 4.5) 
Sn 1 9 . 0 ( 1 9 . 1 ) 
Q 21.8 (22.8) 
Empirical Formula c p f ; H ? ? N p c i A s n 
I n f r a - r e d , v cm~T o r d i s c 
3175w/m, 3050w/m,b, 1640m,shl, 1574s,b, 
1482m, 1450m, 1426m, 1374m, 1 3 3 0 m , s h l , 
13T8m/s, 1309m/s, 1286m, 1240m, 1207m/s 
1189s, 1l64m/s, 1102w/m, 1070m, 1026m, 
1017m, 1000m/s, 977m, 921s, 880m/s, 
838m, 829m, 786m/s, 768s, 7 5 6 s , 727m, 
717m/s, 707m/s, 680s, 621m, 614m, 569 
m/s, 545m/s, 528m/s, 520m/s, 490w/m, 
463m, 3 2 5 s , 298m/s, 240m/s. 






>m 10 Ph 
CH 
m/e Fragment Ion 1 
77 p h + 100 
105 PhCKH 2 + 57 
120 Sn + 3 . 5 
155 S n C l + 19 
181 PhCNH+ 99 
190 S n C l 2 + 7 . 2 
225 S n C l 3 + 4 . 2 
260 S n C l , + 
4 0 . 4 
269 •7 1 .0 
m/e Fragment "Ion 
Other Information 
Compound No. 
3 . 3 1 
Origin 
2 PhCH = NPh + SnCl m i c r o c r y s t a l s from f i 
Name & Structure m i x t u r e o f : 
o: N-Ph + (PhCH=NHPh)„SnClc / 2 6 nCl 
Elemental Analysis ( L - H ) s n c i 3 
C 49.2 38.5 R 3.1 2.5 3.8 3.5 
Sn 21.9 29.3 
CI 21.4 26.2 
Empirical Formula 
( h e a v i l y contaminated) 
(LH) 0SnCl. '2 
44.8 




11H N . M . R . d £ D M S O i E x t « ^ 
agaaiaiiawmi"MriTH!sisi I n f r a - r e d , v c r ' ^ ^7, 3395w/m,b, 3190m, 3040w/m, 2920m, 2845 
w/m, 2380w/,shl, l644m/s, I6l5w/m, 1596 
m/s, 1586s, 1477m, 1464m,shl, 1452m, 
1408m, 1374m, 1332w/rn, 1310w/m,shl, 
1288w, 1284w, 1245m, 1189m/s, 1l66w/m, 
1102w/m, 1028m, 1018m/s, 1000m, 972w, 
920w/m, 868w/m, 845m, 829m, 770s, 746m, 
729m, 686m/s, 535m, 520m/s, 488w, 475w, 



































P h 2 C 





[ci 9SnCgH 4 + 3 H's] + 
93 
23 
8 . 3 
43 
4 . 3 
100 
19 
2 . 2 
9 . 1 
1.3 








[120 + 1811 + 
[155 + 180] + 
[166 + 181] + 
[181 + 190] + 
[-181 + 225] + 











3.32 m 2 PhCHsNBu* + SnCl 
A -& p r e c i p i t a t e 
Name & Structure 
2 [PhCH = N B u t ] . S n C l 4 
b i s ( N - b u t y l ) phenyl methyleneamine t i n ( I V ) c h l o r i d e 
Elemental Analysis 
C 45.9 (45.3) 
H 5.4 ( 5.2) 
N 3.4 ( 4.8) 
Sn 16.6 (20o4) 
Cl 26.4 (24.3) 
Empirical Formula c 2 2 H 3 o N 2 c l 4 S n 
I n f r a - r e d , v c m - ' K B r fl1f^ l
1 H N.M.R?6 D ^0 ; E x t . TL1S 
3180m/s, 3055m, 2972m, 2918m, 1646s, 
1595m/s, 1452m, 1417m, 1400w, 1385m/s, 
1380m, 1342w, 1329m, 1309m, 1232m/s, 
1186s, 1165m,shl, 1102w, 1030w, 1036s, 
1005w, 1000w/m, 998w, 970w, 936w/m, 
900m, 855m/s, 842m/s, 769m, 759s, 7 3 2 s , 
695m/s, 681s, 670m,shl, 609w, 503m, 
475m, 465m, 426w/m, 419w/m, 337m/s, 
3 15m,shl, 287s. 
m/e Fragment Ion I 
36 HC1 + 24 
57 Bu + 27 
71 NBu + 7.1 
77 Ph +- 44 
90 PhCH+ 8.6 
104 PhCHN+ 23 
120 Sn + 1.6 
146 [PhCBu - + 77 
155 S n C l + 3.5 
161 PhCHUBu+ 5.0 















260 SnCl 1.6 
Other Information 
111 
Elemental Analysis CL~H)SnCl 3 ( L H ) 2 S n C l 6 ZL.SnCl, 4 
C 41.1 34.3 40.3 45.3 
H 4.9 3.7 4.9 5.2 
N 3.5 3.6 4.3 4.8 
Sn 24.3 30.8 18.1 20.4 
Cl 22.0 27.6 32.4 24.3 
Empirical Formula 
Compound No. 
3 . 3 3 
0 r l 9 i n 2 PhCIIrNBu* + SnCl ffiiCro°ff+t£*S 
4 from f i l t r a t e 
Name & Structure 
KBu + 
SnCl 
m i x t u r e o f : 
(PhCIIsNBu H ) 2 S n C l 6 + 2(PhCH=NBu ) - SnCl, 
m.pt. 
I n f r a - r e d , v cm" 1 KBr d i s c MH N.M.R. Q6 D M 3 0; E x t » ™ s 
t 3400w/n,b, 3160m, 3040m, 2970m, 2930m, s h l , I650m/s, I620m/s, 1592m, I577w/m, 
1558w/m, 1452m, 1440m, 1422w/m, s h l , 
1395w/m, 1373m/s, 1327w/m, 1303m, 1261 
m, 1224m/s, 1 1 9 4 s , 1117m, 1035m, 1020m, 
998w/m, 980w/m, 970m,shl, 936m/s, 926 
m, s h l , 894w, 853m, 838m, 770s, 760s, 
740s, 715m, 682m/s, 669m,shl, 654w/m, 
s h l , 530w/m, 500m, 472m,423m, 376w, 





7.73 s ,b 
7.95 s, b 
Bu 
Ph 






































[ s n + 16O] + 
[SnCl + 16O] + 
[ s n C l 2 + 16O] + 
6.0 





Elemental Analysis (L~H)SnCl 3 4 
C 48.6 38.6 49.2 
H 3.7 2.8 3.8 
N 3.4 3.2 4.1 
Sn 17.4 27.3 17.4 




Origin 2 p h (, H _ N C ^ H 0I,e + S n C 1 ^ — A _ • p r e c i p i t a t e 
Name & Structure 
2(PhCH=MCgH4OMe).SnCl4 + COO-c i 3 
(traces) 
m.pt. 
Infra-red, v cm" 1 
3180w, 3000w, 2940w,b, 2830w, I665w/m, 
1610s, 1595s, 1574m, 1560m,shl, 1540 
w/m,shl, 1509m,shl, 1499m/s, 1489m,shl, 
1454m, 1438m, 1415w, 1319m, 1295m, 1262 
m, 1245s, 1209m, 1192m, 1174m/s, 1110m, 
1030m/s, 1011m, 999m,shl, 971w/m, 943 
w/m, 930w/m, 897m/s, 829m/s, 762m/s, 
754m/s, 729w/m, 713m, 686m, 645m, 571m, 
549m, 522m, 503w/m, 435w, 370w/m, 339 
m, 322m/s. 
I1H N.H.R.d6miJ°5 m - ™ a 
Mass Spectrum 
m/e Fragment Ion I m/e 
76 C 6 H 4 + 95 190 
77 Ph + 96 212 
92 C 6H 4NH 2 + 96 225 
104 PhCNH+ 61 260 
107 C,H.0Me+ 6 4 96 271 
120 Sn + 99 306 
134 CHNC.H.0Me+ 6 4 98 330 
139 100 
155 SnCl + 98 366 
166 Ph 2C + 98 












PhCHNHCcH.OKe b 4 
SnCl„+ 
SnCl 
SnC.irCHNC^ H.OMe"*" 6 4 6 4 
or [snClg-l] + 
















Origin 2 PhCHsNC^H.Cl + SnCl. 
6 4 4 
p r e c i p i t a t e 
Name & Structure 























Infra-red, v c r ' K B t . m ~ l1H N.M.R,a6DM3°i E x t ° ™ 3 
3050vw, I642w/m, I601m/s, 1584s, 1571s, 
1559m/s, 1539m,shl, 1480m/s, 1472m,shl, 
1452m, 1429m, 1401m, 1369m, 1328w, 1320 
m, 1309m, 1287m, 1270w/m, 1248w, 1207s, 
sh, 1190s,sh, • 117.4m, 1l65m/s, 1109w/m, 
1092s,sh, 1028w, 1017s,sh, 997m, 976m, 
954w/m, 940w/m, 925w, 898s, 845w/m, 832 
s, 820m/s, 781w, 765s, 746m/s, 730w/m, 
682s, 639m, 630m/s, 607ra, 572m/s, 544m, 






















m/e Fragment Ion I m/e Fraqmenl Ion 
36 HC1 + 15 225 S n C l 3 + 2.1 
51 C 4 H 3 + 15 260 S n C l * 4 0.2 
77 Ph + 26 370 [155 + 21 5] + 0.6 
89 PhC+ 13 405 [190 + 21 5J + 0.1 
103 PhCN+ 12 439 [225 + 2 1 4 ] + 0.4 
120 3n + 0.5 
139 CH2NC6H4C1+ 2.1 
155 SnCl + 0.6 
180 PhCHNC^H"1" 6 4 0.6 
190 SnCl 2 + 0.2 




3.36 Origin 2 P h C H 2 C H - N H + SnCl 4—^-» p r e c i p i t a t e 
Name & Structure 
(LH)SnCl 6 
2 [ P h C H 2 C H = NH] „ S n C l 4 
bis benzyl methyleneamine t i n (IV) c h l o r i d e 







Infra-red, v enr* K^r disc 
m.pt. 
43.0 38.5 28.0 33.6 
3.5 3.6 2.4 3.5 
4.2 5.6 4.1 4.9 
2 3 . 7 23.8 34.6 20.8 
22.4 28.4 31.0 37.2 
MH N . M . R . d ^ o ; Ext. a s 
3640-3300w/b, 3180m, 3060m,b, 2905m, 
2842m, 1573m, 1540m, 1473m, 1458m, 1442 
m, 1421m, 1400m, 1329w/m, 1300vw,1278vw 
1245m,b, 1180w, 1147m,b, 1072m, 1042w, 
1025w/m, 1011w/m, 998w/m, 962w, 922w, 
889w/m, 870w, 830m/s, 757s, 749s, 710m, 
691s, 670m,shl, 624m, 618m, 534m, 513m, 































































7 . 9 
7 . 4 
0 .4 





3.37 Origin 2 P h C H 2 C H = N B u t + SnCl4—^-» p r e c i p i t a t e 
Name & Structure 
2 [ P h C H 2 C H = N B u t ] . S n C l 4 
bis (N-butyl) benzyl methyleneamine t i n (IV) chloride 
Elemental Analysis 
C 5 0 . 1 ( 4 7 . 2 ) 
H 5 . 8 ( 5 . 6 ) 
N 4 . 8 ( 4 . 6 ) 
Sn 1 9 . 0 ( 1 9 . 4 ) 
CI 2 3 . 1 ( 2 3 . 2 ) 
Empirical Formula c^H^NgCi^sn 
183 
1H N . H . R d ^ o ; Ext. TKS 
t 
Infra-red, v cm"1 KBr disc 
-3438m,b, 3130n,b,shl, 3005m, 2960m, 
1 6 2 1 s , 1 6 0 3 s , I585m/s, 1479m, 1453m, 
1440m, 1430m, 1 4 0 0 m ,shl, 1391m, 1364m, 
1330w, 1317vw, 1300vw , 1280w/m,shl, 
1263m, 1227m, 1216m, 1178m/s, 1099m, 
1015m, 980vw, 942\v, 908w, 879w,750m/s, 
690s, 573m, 535m, 490w/m, 440w/m, 394w, 
300m,shl, 285m/s, 271m. 
m/e Fragment Ion I 
36 KC1 + 57 
51 
C 4 H 3 + 23 
58 BuH+ 91 
77 Ph + 2.7 
118 PhCH2CHN+ 27 
120 Sn + 33 
155 SnCl + 18 
175 PhCH2CHNBu+ 7.4 




260 S n C l * 4 8.0 
m/e 
1 . 1 2 
2 . 6 3 























3.4.3 Discussion of Results 
The products are i d e n t i f i e d using s i m i l a r reasoning t o t h a t f o r 
the previous section and the r e s u l t s are summarised below ( t a b l e 3.22). 
Table 3.22 
A 
Products from the Reaction " 2L + SnCl »" f o r Various Ligands.L 
Ligand. (L) Product(s) 
2-MeO-C,R\CH=NPh 6 4 2L.SnCl. ( 3 . 2 5 ) 4 ? 
(L-H)SnCl 3 + (LH) 2 SnClg or 2L.SnCl 4 (3.26) 
(heavily contaminated) 
2-Cl-C,-HJICH = NPh 6 4 2L.SnCl 4 (3.27) 
Ph2C =NPh (LH) +SnCl ~ (3.28) 5 
(L-H)SnCl 3 (3.29) 
PhCH=NPh 2L.SnCl. (3.30) 
4 + 2 -(L-H)SnCl 3 + (LH) 2SnClg (3.31) 
(heavily contaminated) 
PhCH=rNBut 2L.SnCl. (3.32) 
4 , o-(L-H)SnCl 3 + (L-H)SnCl 2 + (LH^SnClg (3.33) 
PhCH = NC,Hj,OI>.'e 6 4 2L.SnCl„ + (L-H)SnCl. (traces) (3.34) 4 3 
PhCH^NC.H^Cl 6 4 2L.SnCl(( + (L-H)SnCl_ (traces) (3.35) 4 3 
PhCH2CH=NH 2L.SnCl. (3.36) 4 
PhCH2CH = NBut 2L.SnCl. (3.37) 4 
The m a j o r i t y of products are t i n ( I V ) diadducts and the only pure 
or t h o n e t a l l a t e d compound obtained was 2 - t r i c h l o r o s t a n n y l diphenyl 
J 1 
(N-p.henyl) methyleneamine, 2-Cl3Sn-CgH4C(Ph) = KPh. 
I n f r a - r e d peaks between 400 and 300 cm""'' assignable to tin-carbon 
s t r e t c h i n g are e a s i l y observed f o r the orthometallated compounds. 
117 
Mass spectroscopy i s the only method capable of revealing these 
compounds when only present as traces. The development of a 
more su i t a b l e solvent i s required i n order to o b t a i n each product 
i n a pure c r y s t a l l i n e form. 
119 
As i n the previous sec t i o n , Sn n.m.r. spectroscopy i s a 
usef u l t o o l f o r i d e n t i f y i n g which of the possible products i s 
present due to t h e i r differences i n coordination and e l e c t r o n s h i e l d i n g 
at the t i n atom as shown i n table 3.23. However, the p o t e n t i a l of 
t h i s technique i s seriously reduced by s o l u b i l i t y problems. I t i s 
also possible t h a t where there i s a mixture of products only one 
may dissolve and the others may remain undetected. 
Table 3.23. 
119 Sn N.I.I.R. Studies on the products of S c h i f f ' s bases w i t h SnCl^. 







3 u 4 
(L!!)* 3 n C l 6 2 " or 2L.SnCl 
3. 23 -656.72 
3.29 -247.09 2 - CI ,S*n-C ,H . C (Ph ) = KPh 
3 t> 4 
3.36 -675.6 C 2L.SnCl. 
4 
a = CH^Cl^ solvent; b = Approximately equal i n t e n s i t y ; c = t e n t a t i v e 
Note: Compounds 3.25 to 3.36 were a l l tested but those not l i s t e d 
above gave no spectra due to s o l u b i l i t y problems i n a range of solvent: 
The calculated chemical s h i f t f o r hexachlorostannate s a l t s i s 
-733.0 ppm [24,37] and d e v i a t i o n due to the c a t i o n should not exceed 
10 ppm. Examples of r e l a t e d compounds are given i n table 3.15 . 
Hence the s a l t s and adducts have been assigned according to t a b l e 3.23. 
118 
n 
T'!:e f a c t that N-phenyl diphenyl methylene-arnine undergoes 
or t h o m e t a l l a t i o n shows tha t s t e r i c hinderaiice of the base does not 
prevent the desired r e a c t i o n . 
A possible mechanism i s one of e l e c t r o p h i l i c o r t h o m e t a l l a t i o n 
which i s common i n t r a n s i t i o n metal chemistry. The proposed scheme 
i s i l l u s t r a t e d below (Scheme 3.3). 
C=NR* .SnCl 
SnCl 







I n accordance w i t h t h i s mechanise both the substituents on the 
t i n atom and on the pher.yl r i n g undergoing o r t h o m e t a l l a t i o n w i l l be 
important. Por e l e c t r o p h i l i c aromatic s u b s t i t u t i o n an e l e c t r o n 
releasing s u b s t i t u e n t i n the para p o s i t i o n , such as metho::y group, 
w i l l f a c i l i t a t e e l e c t r o p h i l i c attack i n the ortho p o s i t i o n w h i l s t 
an electron-withdrawing s u b s t i t u e n t , such as c h l o r i n e , w i l l have 
the opposite e f f e c t . This i s i l l u s t r a t e d by the resonance canMonical fovc^ 
I I I . 9 and I I I . 1 0 . 




I I I . 1 0 
E = e l e c t r o p h i l e 
119 
E: periments carried out to i n v e s t i g a t e these e f f e c t s are 
inconclusive due to the impure low y i e l d s . Orthometallated 
m a t e r i a l was only obtained i n trace amounts f o r the methoxy 
d e r i v a t i v e and none at a l l f o r the chloro d e r i v a t i v e . 
The substituent at the n i t r o g e n atom i s also of importance and 
i t s main e f f e c t w i l l probably be t h a t on the f i r s t stage of the 
r e a c t i o n ; adduct formation. An e l e c t r o n donating substituent,such 
as a methyl group, w i l l increase the negative charge on the n i t r o g e n 
atom and therefore aid the r e a c t i o n and vice versa. 
The phenyl group on the methylene-amine n i t r o g e n atom does not 
appear to p a r t i c i p a t e i n o r t h o m e t a l l a t i o n . This i s hardly 
s u r p r i s i n g as one of the carbon atom substituents must be expelled 
according to equations 3 . 8 and 3 . 9 . 
1 2 ^ 1 R R C = NFh + SnCl, s » R C=N ( 3 . 8 ) 
4 -R2, -HC1 S 
CI 
1 ? i R R C=NFh + SnCl, > R C=H ( 3 . 9 ) 
4 -RaCl, -KC1 J. 
s - < o > 
Attempts to form s i r membered metallocycles (equation 3 . 7 ) were 
unsuccessful. This was to be expected as they are generally less stable 
than t h e i r f i v e menbered counterparts. The s t a b i l i t y of the l a t t e r 
l i e s i n the f a c t that t.'ie bond angles and lengths cause the angle at the 
metal atom to be close to 9 0 ° which allows f o r t i n i n a square planar, 
( 4 coordinate) t r i g o n a l bipyramidal ( 5 coordinate) or octahedral 
( 6 coordinate) con f i g u r a t i o n . 
120 
3.5 I n v e s t i g a t i o n i n t o A l t e r n a t i v e Routes to Orthometallated Compounds 
3.5.1 I n t r o d u c t i o n 
Orthometallatef t i n compounds may be prepared as shown i n tables 3.1 & 
3.3 and sections 3.3 and 3.4. A modified version of the route and 
preliminary i n v e s t i g a t i o n s i n t o a l t e r n a t i v e routes have been conducted; 
( i ) Orthometallation v i a Grignard Reagents 
The f o l l o w i n g scheme was attempted; 
RBr + Mg • RL'gBr 
RLIgBr + R'C = N * R'RC=NI,:gBr 




( I I I . 1 1 ) 
( I I I . 1 2 ) 
Scheme 3.4 
This i s a compressed version of the o r i g i n a l route avoiding 
i s o l a t i o n of the methyleneamine. 
( i i ) Thermal Decomposition of the Hydrostannation Products of 
A r y l N i t r i l e s 
Organotin products from the hydrostannation of benzo- and 
phenyl aceto- n i t r i l e (chapter 4) may be thermally decomposed to 
give orthometallated material according to equations 3.10 and 3.11 
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A 
PhCSN + HSnCl^ » Compound 4.6 > 
A 
PhCHgCSN + HSnCl » Compound 4.7 » 
or 
X = H,CI,SnCl 
( i i i ) Thermal Decomposition of bis(H-methyl diphenyl methylene-
ammonium) hexachlorostannate 
I f thermal decomposition of b i s (H-methyl diphenyl methyleneammonium) 
hexachlorostannate, a side product i n the o r t h o m e t a l l a t i o n r e a c t i o n 
between the ligand and t i n (IV) c h l o r i d e , y i e l d s any orthometallated 
material then prolonged re f l u x i n g i n the o r i g i n a l experiment may 
increase tiie y i e l d of the required product. 
3.5.2. Experimental 
3.5 . 2 . 1 . The Reaption between PhT.'gBr. b e n z o n i t r i l e and t i n (IV) Chloride. 
Phenyl bromide (3 .0 mis, 25.7 mmoles) i n Et^O (15 mis) was slowly 
added to magnesium turnings (0.732g, 30 mmoles) i n EtgO (10 mis) and 
refluxed under n i t r o g e n f o r 40 minutes. B e n z o n i t r i l e ( 3 . 1 mis, 3>0 
mmoles) in St.O (30 mis) was added slowly to the cooled mixture to 
give a t h i c k white p r e c i p i t s t e and a f t e r r e f l u z i n g f o r 90 minutes 
t i n ( I V ) chloride i n toluene (30 mis) was added slowly and reflu x e d 
f o r 22 hours and f i l t e r e d hot. A f t e r about 10 minutes c r y s t a l s appeared 
i n the f i l t r a t e and were r e c r y s t a l l i s e d from Et o 0 (Compound 3 . 3 8 , 0.82g.) 
X 




OQ (3 .11) C=NH Sn CI 
X DC NH Sh 
CI 
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The residue consisted l a r g e l y of magnisium halides. 
The r e a c t i o n was repeated but the 22 hour r e f l u x was reduced 
to 2 hours upon which the y i e l d of c r y s t a l l i n e m a t e r i a l was 
considerably lower. Preliminary i n v e s t i g a t i o n s using p a r a - t o l y l -
n i t r i l e and T i C l ^ were conducted and gave a black i n t r a c t a b l e t a r . 
This experiment was not taken any f u r t h e r . 
3.5.2.2. Thermal decomposition of the hydrostannation product 
of b e n z o n i t r i l e 
A small sample of the hydrostannation product of b e n z o n i t r i l e 
(compound 4.6, ne:t chapter) (approximately 0.5g) was placed i n 
sublimation apparatus attached to the. vacuum l i n e and a cold tap. 
I t was heated slowly to 150°C at reduced pressure (<ClmmHg) and 
a pale yellow s o l i d (compound 3.39) sublimed onto the cold f i n g e r 
leaving a dark brown shiny hard s o l i d (compound 3.40) 
3.5.2.3. Thermal decomposition of the Hydrostannation product 
of P h e n y l a c e t o n i t r i l e 
The procedure was exactly as i n the previous section but gave a 
colourless l i q u i d , i d e n t i f i e d as p h e n y l a c e t o n i t r i l e (by comparison 
of i t s i n f r a - r e d and "Hi n.in.r spectra w i t h those of an authentic sample). 
The thermal decomposition product (compound 3.41) was an orange hard 
shiny s o l i d . 
3.5.2.4. Thermal decomposition of bis N-methyl diphenyl 
methylenearimonium hexachlorostannate. 
The procedure was exactly as i n section 3.5.2.2. and gave a 
white powder on the cold f i n g e r (compound 3.42) which was i d e n t i f i e d 
•I I + 
as a mixture of 2-Cl^Sn-CgH C(Ph)= NKe and Ph2C=KHT^e X (where X 
p_ 
could be Cl.SnCl or £SnCl, ) and a grey s o l i d (Compound 3.43). 
Compound No. 
3.38 
Origin PhMgBr + PhC = N + SnCl 
Name & Structure 
see t e x t 








Empirical Formula C.„H 18" 18 






p d ^ U R j Q ; E x t . 'l'fjbi Infra-red, v cm" 1 KBr disc 
HulF. Assign. 
3200-2800m/s,b, l628m/s, 1591s, 1560ra/£ 
1540m/s,shl, 1 5 2 0 m ,shl, 1 5 0 0 m ,shl, 
1490m, 1441m, 1436m, 1404m,shl, 1367s, 
1320vw, 1295w/m, 1277m, 1266m, 1187m, 
1l62m/s, 1138m,shl, 1117m,shl, 1089w, 
1071w/m, 1026w/m, 999m, 970w,b, 930m, 
9 l6m,b, 862m,b, 845m,b, 789m/s, 765m/s 
728s, 701s, 695s, 670m,shl, 636w, 605 
w/m, 558m,b, 436m, 420w/m,shl, 399w/m, 






































C.H CHPhN+ o 4 
SnCl 2 + 




















[ 1 5 5 + 180 + Hj + 
[ 336 + 14] + (N,CH 
[180 + 190] + 




3 . 3 9 
OriQ j n p £ c £ N + HSnCl / E t g O — s u b l i m a t e 
Name & Structure 









Empirical Formula c 1 0 H ? f . N 1 7 c i 1 1 s n 
(3 
Infra-red, v cm" 1 KBT disc 
3l60m,b, I680m.,b, 1595w/m, I580w/m, 
1400s, 1310w/m, 1204m, 1l68w/m, 828m, 
780w, 747m/s, 720w, 697m, 684m, 647m, 
480w,b, 450w, 330m,shl, 312s, 304s, 
280m,shl. 
















m/e Fragment Ion I m/e 
36 HC1 + 84 225 
77 Ph + 100 260 
89 PhC+ 40 280 
91 PhCH2+ 13 296 
105 PhCH2N+ 79 384 
120 Sn + 8.4 
155 SnCl + 27 
165 [Ph 2C - H] + 26 
178 [Ph2CN - 2H's] + 23 
190 SnCl 2 + 10 




[106 + 19o] + 










Origin PhC = N + HSnCl 3/Et 2 0 -» residue 
Name & Structure 









Empirical formula C^H^ICI s n 
l1H N.M,R . A6m ! j ( : ) ' E x - t - ^ 
CTiiiniiiaiiuuMwroiawaBiai 
Infra-red, v cm" 1 KBr disc 
3500w/m,b, 3360w/rn,b, 3200m,b, I655w/m, 
b, 1590w/m,b, 1400s, 1204w, 1028w, 
827w, 760m/s, 750m/s, 6S4s, 490w/m,b, 
315s, 307m/s,shl. 
Mass Spectrum 
m/e Fragment Ion t m/e 
36 HC1 + 72 225 
77 Ph + 30 260 
91 PhCH+ 100 296 
105 PhCNH+ 19 384 
106 PhCNH2+ 19 
120 Sn + 8.5 
155 SnCl + 36 
165 [ph 2c - H] + 7.5 
178 [Ph2CN - 2H's] + 21 
190 S n C l 2 + 14 
195 [105 + Phc] + ? 13 
3.24 
6 . 9 8 
7 . 3 0 
7 . 3 3 











[106 + 190] + 









H 2 . 6 
N 4 . 6 
Sn 3 0 . 2 
CI 2 9 . 6 
Empirical Formula c RH q Nci^sn 
Compound No, 
3.41 
Origin PhCHgCsM + HSnCl /EtgO residue 
Name & Structure 
see t e x t 
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Infra-red, v cm"1 KBr disc l1H N.M.R.d£m s o? Ext. TIES 
CTMiisiiiuiBimiTaaasgsTa 
3200w/m,b, 3140w/m,b, 1655-1530w/m,b, 
1484w/ra,b, 1444w/m,shl, I 3 9 8 s,b, 1072 
w/m, 102 5w/m, 756m/s, 6 9 6 s , 515w/m,b, 
455w/m,b, 314m/s, 3 0 2 m , s h l , 2 5 9 m , s h l . 
Mass Spectrum ~ 
m/e I Fragment Ion" 
4 . 1 5 
7 . 0 3 
7 V 1 3 
7 . 2 0 
7 . 3 3 




























SnKII + or SnCH 3 + 
SnCH2NH+ 
[SnCl - l ] + 




























ClSnCcH. 6 4 
[ 231 + CNH] +
[77+2-17^" or [l04+19o]+ 
[l04+202} for [ll6+19cj* 
[ l 0 3 + 2 1 7] for [165+155T 
L258 + 77 + H] + 














I n f r a - r e d Spectrum of Compound 3«43. v cm , KBr disc. 
3180m, 3050m, 1645s, I6l8m/s, 1590m, 1490w/m, 1460m, 1440m, 1400w/m, 
1330m, 1312s, 1301s, 1167m, 1120w, 1036w, 1015w/m, 998m, 949w/m, 
830m, 779m/s, 764s, 726m, 717m, 705s, 680m, 641w/m, 560m, 487w, 
469w, 425w, 390w, 352m, 290m/s. 
3 . 5 . 3 Discussion of Results 
The p o s s i b i l i t y t h a t the c r y s t a l s from the Grignard r e a c t i o n 
(Compound 3.38) contain orthometallated m a t e r i a l i s supported by 
the mass Spectrum. I n the i n f r a - r e d spectrum there i s a peak at 
approximately 730 cm f o r v(C-H) of the d i s u b s t i t u t e d benzene 
r i n g but there i s no sharp peak f o r v(N-H) at approximately 
3300 cm""'", nor i s there a strong peak between 400 and 3C0 cm ^ f o r 
v(Sn-C). The i n f r a - r e d peaks do not coincide w i t h those of an 
authentic sample of o r t h o t r i c h l o r o s t a n n y l diphenyl methyleneamine, 
i ' r T 2-C13Sn-CgH^C(Ph) = NH, [17J although the mass spectra are almost 
i d e n t i c a l . 
An a l t e r n a t i v e product would be that of s t r a i g h t forward a d d i t i o n ; 
PhoC = I73n01 (scheme 3.4). This would give a s i m i l a r mass spectrum ^ 3 
but the i n f r a - r e d and "4l n.m.r. spectra should not e x h i b i t any peaks 
due to a hli, group. This would be f e a s i b l e i f the broad peak i n the 
i n f r a - r e d and that at 5.27 ppm i n the "*"H n.m.r. spectrum were i n 
f a c t due to the sample being wet (e.g. hydrolysed during the running 
of the spectrum ), 
Further exploratory work o.i t h i s r e a c t i o n i s required (e.g. change 
of solvents and lengths of r e f l u x i n g ) as i n theory i t has good p o t e n t i a l 
f o r o r t h o m e t a l l a t i o n . However i n the experiments performed the y i e l d 
of c r y s t a l l i n e material was low so conditions to improve i t should 
also be sought. 
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C l e a r l y , the p y r o l y s i s experiments on t h e h y d r o s t a n n a t i o n p r o d u c t s 
of b e n z o n i t r i l e and p h e n y l a c e t o n i t r i l e have n o t l e d t o any o r t h o m e t a l l a t e d 
m a t e r i a l as the i n f r a - r e d s p e c t r a , i n p a r t i c u l a r , g i v e no s u p p o r t i v e 
evidence (a sharp v(N-H) peak f6,17J o r a s t r o n g peak a t 730 cm "*"). 
The peak i n the v ( C = N ) region o f the i n f r a - r e d spectrum of compound 3.39 
i s much l e s s i n t e n s e but t h e r e i s a s t r o n g peak a t 1400 cm ^ which 
could be due t o v(C-N) i n d i c a t i n g t h a t the n i t r i l e has been f u l l y 
s a t u r a t e d . S i m i l a r t r e n d s are observed f o r the two r e s i d u e s , t h e peak 
a t t r i b u t a b l e t o v(C = l\T) h a ving almost disappeared. T h e i r Hi n.m.r. 
s p e c t r a each c o n t a i n an equal i n t e n s i t y t r i p l e t superimposed on t h e 
phenyl p r o t o n s ' m u l t i p l e t . T h i s t r i p l e t i s assigned t o p r o t o n s 
a t t a c h e d t o the n i t r o g e n atom as i n the o r i g i n a l h y d r o s t a n n a t i o n 
p r o d u c t (compound 4.6). The mass s p e c t r a suggest t h a t c o m p l i c a t e d 
d i m e r i c species may be p r e s e n t . Some o r t h o m e t a l l a t e d m a t e r i a l was 
o b t a i n e d upon p y r o l y s i s of (N-methyl) d i p h e n y l met'hyleneammonium 
he y a c h l o r o s t a n n a t e b u t was impure, the most l i k e l y contaminant 
being t h e h y d r o c h l o r i d e , Ph._.C = ] \ I i r e + CI . 
3.6. Conclusion 
This chapter shows t h a t t h e h y d r o s t a n n a t i o n of methyleneamin.es leads 
t o i o n i c species r a t h e r than a d d i t i o n p r o d u c t s across t h e azoraethine 
bond. A d d i t i o n o f t i n ( I V ) c h l o r i d e t o (N-methyl) diphenyl 
methyleneamine leads t o the d i a d d u c t and t h e h e x a c h l o r o s t a n n a t e as 
w e l l as o r o t h o t r i c h l o r o s t a n n y l (N-raethyl) d i p h e n y l methyleneainine. 
The t r i and pent a- c h l o r o s t a n n a t e s have been prepared d i r e c t l y from 
t h e h y d r o c h l o r i d e of the base w i t h t i n ( I I ) and t i n ( I V ) c h l o r i d e 
r e s p e c t i v e l y . Upon v a r y i n g the bases o r t . i o m e t a l l a t e d compounds are 
formed but i n c o n s i d e r a b l y l o w e r y i e l d s . A l t e r n a t i v e r o u t e s t o 
orthometallated compounds have been sought of which the r e a c t i o n 
i n v o l v i n g Grignard reagents shows the g r e a t e s t p o t e n t i a l . 
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C H A P T E R 4 
THE R E A C T I O N OF SATURATED NITRILES WITH ETHEREAL TRICHLOROSTANMANE 
4.1 I n t r o d u c t i o n 
N i t r i l e s can be reduced t o aldehydes by hydrogen c h l o r i d e 
w i t h t i n d i c h l o r i d e ( t h e Stephen r e a c t i o n ) [ l j a c c o r d i n g t o e q u a t i o n 4.1 
fSnCl 0/HCl/Solvent* HYDROLYSIS 
or 
RC = N ISn [ I N T E R M E D I A T E ] -» RCHO 
* u s u a l l y E t 2 0 (4.1) 
I n view o f more rec e n t r e s e a r c h [ 2 , 3 ] t h e r e a c t i o n may proceed 
v i a a t r i c h l o r o s t a n n a t e e t h e r a t e . A number o f reviews on the 
Stephen r e a c t i o n have been p u b l i s h e d [ 4 - 6 ] . Although Stephen 
claims almost q u a n t i t a t i v e c o n v e r s i o n t o the aldehyde, a l t e r n a t i v e 
h y d r o l y s i s p r o d u c t s have been i s o l a t e d i n c l u d i n g p r i m a r y amides, 
bisamides [ 7 ] and dimers and t r i m e r s o f the aldehyde [ 8 ] . Consequently 
e q u a t i o n 4.2 has bee_> suggested [ 9 , 10 ] . 
( i ) HC1 + S n C l 2 i n E t 2 0 
RC=N 
( i i ) H y d r o l y s i s 
R<C 










+ u n s u b s t i t u t e d amide 
+ s m a l l percentage o f 
aldehyde 
The o r i g i n a l i n t e r m e d i a t e proposed by Stephen h i m s e l f [ l ] was 
(RCH=NH,HC1) SnCl . An a l t e r n a t i v e i n t e r m e d i a t e i s 
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(RCH — HHp). l l ^ S n C l ^ presumably a m i s p r i n t f o r 
(RCII = N H 2 ) 2 + S n C l 6 2 - or ( R C H = N H 2 ) + I I S n C l 6 ~ 0 (RCH a=NH.HCl) 2SnCl 4 
may a l s o be i n v o l v e d i n bisamide f o r m a t i o n [ 1 2 ] r e s u l t i n g i n a 
condensation r e a c t i o n betv/een the i m i n e h y d r o c h l o r i d e and the 
n i t r i l e . [ R C ( = ITII)NHG1IR-N = C R ] ^ S n C l g 2 - . 2SnCl 4 has a l s o been 
proposed as an i n t e r m e d i a t e l e a d i n g t o t h e bisamide [6 ] „ 
Meerwein [ l 3 J has suggested t h a t the r e a c t i o n may proceed v i a the 
n i t r i ] i u m s a l t I V . 1 . 
RC=N + H 2 S n C l 4 > ( R C S N H ) + H S n C l " (4.3) 
I V . 1 . 
This i s supported by v i n e t i c s s t u d i e s [ l 4 ] . 
F i n a l l y Chinese workers have prepared and determined the 
s t r u c t u r e of an i n t e r m e d i a t e i n the Stephen Re a c t i o n of b e n z o n i t r i l e 
and r e p o r t i t t o be the s t a n n i c aldomonium c h l o r i d e , [ p h C H = N H 2 ] + 2 
2-nCl, 6 
An a l t e r n a t i v e mechanism i n v o l v i n g e t h e r e a l t r i c h l o r o s t a n n a n e has 
been p o s t u l a t e d [ 3 ] (scheme 4.1). I n d e e d , Stephen r e p o r t s t h a t the 
e t h e r e a l suspension of t i n I I c h l o r i d e i s s a t u r a t e d w i t h hydrogen 
c h l o r i d e u n t i l the m i x t u r e separates i n t o two l a y e r s and P y r y l o v a and 
Zil'bermann [ 9 ] d e c l a r e t h a t , f o r an optimum y i e l d o f aldehyde^ 
hydrogen c h l o r i d e should be passed i n t o the e t h e r e a l s o l u t i o n 
u n t i l the s o l u t i o n s of n i t r i l e and t i n d i c h l o r i d e become homogenous. 
These procedures are i d e n t i c a l t o t h e p r e p a r a t i o n o f e t h e r e a l 
t r i c h l o r o s t a n n a n e ( c h a p t e r 2) but the t i n c o n t a i n i n g i n t e r m e d i a t e 
i s n o t i s o l a t e d and c h a r a c t e r i s e d . 
mEt 2 0 
nllCl + SnCl^ , » H n S n C l 2 + n . mEt 20 
x2 
R 
i R C S " 
R 
C = NH„ . SnCl_ 
/+ 2 3 
NH \ 
/ \ 
R S n C l 3 
C=NH„ . SnCl. 7 / 2 3 
N 





\ A + \ 
C = N H 2 + ^ c = r a i 
C l 3 S n 
2H , OH 
RC 
R • 
\ _ .... + 




Compound IV.2 was i s o l a t e d and c h a r a c t e r i s e d by comparison 
w i t h t h e analogous products from the a d d i t i o n of hydrogen c h l o r i d e 
t o n i t r i l e s [ l 6 - 1 9 ] . The h y d r o c h l o r i n a t i o n of n i t r i l e s , which has 
been reviewed by S c h a e f f e r [ 2 0 ] may a l s o y i e l d an immidoyl c h l o r i d e 
16,17,21J , d i m e r i s a t i c - n o f which may occur because of the 
n u c l e o p h i l i c i t y of the n i t r i l e . 
The work discussed i n t h i s c h a p t e r i s a c o n t i n u a t i o n of the 
s t u d i e s o f P.G.Huggett [ 3 ] by a m o d i f i e d method i n o r d e r t o o b t a i n 
b e t t e r q u a l i t y , more s t a b l e m a t e r i a l and p o s s i b l y monomeric r a t h e r 
t h a n d i m e r i c s p e c i e s . Also more d e t a i l e d c h a r a c t e r i s a t i o n of the 
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products was t o be undertaken, i n c l u d i n g Mossbauer s t u d i e s which 
have not p r e v i o u s l y been performed i n t h i s area. 
4 . 2 . Experimental 
The e x p e r i m e n t a l procedure was as o u t l i n e d below f o r 
a c e t o n i t r i l e t o g i v e the p r o d u c t s l i s t e d and c h a r a c t e r i s e d i n the 
data t a b l e s on pages 133 "to 141 . 
4.2.1. H y d r o s t a n n a t i o n of A c e t o n i t r i l e 
A c e t o n i t r i l e (40 mis, 76.6 mmoles) was added t o e t h e r e a l 
t r i c h l o r o s t a n n a n e (13.499g, 71.2 mmoles) w i t h o u t removal o f 
the e t h e r e a l l a y e r and a w h i t e p r e c i p i t a t e began t o appear w i t h i n 
f i v e minutes. The suspension was s t i r r e d o v e r - n i g h t and f i l t e r e d ; 
the p r e c i p i t a t e was washed w i t h dichloromethane, f i l t e r e d and d r i e d 
i n vacuo t o g i v e compound 4.1 ( I 4 . 2 6 g ) . 
I n the case of t r i c h l o r o a c e t o n i t r i l e a y e l l o w o i l was a l s o 
obtained but no pure product was i s o l a b l e f r o m t h i s . 
4.3. D i s c u s s i o n o f R e s u l t s 
The c o m p l e x i t y o_' e t h e r e a l t r i c h l o r o s t a n n a n e ( c h a p t e r 2) leads 
t o a v a r i e t y of p o s s i b l e p r o d u c t s froni i t s r e a c t i o n w i t h n i t r i l e s 
( t a b l e 4.2) These depend l a r g e l y on whether hydrogen c h l o r i d e i s 
a l s o i n v o l v e d due t o the e q u i l i b r i u m : 
[ ( E t 2 O K ) + ] 2 S n C l 4 2 " , x Et 2OH +SnCl 3"+HCl + E t 2 0 . (4.4) 
Compound No. 
4.1 
Origin KeC =N + RSnCl. ( 1 4 . 2 6 G ) 
Name & Structure 

















C.II. NCl.Sn 2 4 3 
KBr d i s c . 
3520m, 3470m, 3228m,b, 3100w/m,shl, 
I672\v/m, s h l , 1635m, 1610m, 1510w, 
1399m,b, 1349m, 1275m/s, 1120w, lOSOw, 
1030w, 953m, 890s, 740m, 535w/m, 
431m/s, 318m/s 
l1H N.M.Rd^DIISO; Ext. T!!S 
Mass Spectrum" 
m/e Fragment Ion 1 m/e 
36 HC1 + 100 306 
43 !.:eCI]H2 + 100 
44 C ( K K 2 ) 2 + , C O ; : H 2 + 14 315 
59 K e C ( N H 2 ) 2 + 100 
82 (I£eCN). 31 2 
-4-
350 




120 Sn + 32 
+ 395 
155 SnCl 69 465 
190 SnCl 2 16 
199 [SnCl + 44 ] + 28 
225 3 n C l 3 + 100 
234 [ 3 n C l 2 + 44 ] + 12 
260 S n C l / 4 98 











^S n C l + 4 4 + 2 K ' : 
[3 o r i ^ l 3 + 8 2 ] + 
[ 3 n C l 3 + 9 0 ] + , 













Origin EtC s N + HSnCl. 7.44g 
Name & Structure 























IvBr cAsc 11H N.M.R.^"5 1 5 0' E:t.Ti;S Infra-red, v cm" 1 
3520m, 3445m, b, 3210m, b, 3120m, b, 
1630m, s h l , I6l0m/s, 1550w, shl,1450w, 
1395m, 1368m, 1201m, 1055w, 1004w/m, 
892s, 878m/s, 876m, 670m, 625w/m, 
485m, b, s h l , 414s, 399m, s h l , 354m, 
313m, 300w, s h l , 230w, s h l , 255m, s h l 
Mass Spectrum 
0.87 t 7.0 
1.10 t 7.0 
2.97 m 4 .0 





m/e Fragment Ion I m/e 
29 + -y-2 21 234 
36 HCl 91 201 
44 C ( N H 2 ) 2 + , C 0 ^ + 67 336 
57 EtCNK* 45 
71 [ E t C ( i m 2 ) 2 -2H's] 22 
85 [ ( E t C ] I ) 2 H - CW] + 16 
97 l(EtCI '0 2K - N] + 21 
111 ( E t C K ) 2 H + 13 
120 Sn + 91 
136 :-n 14 
155 SnCl + 11 
190 S n C l 2 + 100 
225 S n C l 3 + 5.5 
T 
[ 3 n C l 2 + 4 4 ] + 
[EtClI + K3nCl ] + 





F.A.B^ mass s p e c t r a ( f i g . 4 . 1 , t a b l e 4 . 1 ) and 
( f i g . 4 . 3, t a b l e 4.3) Sn M'ossbauer 
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Table 4.1 
F.A.B. P o s i t i v e Mass Spectrum o f Compound 4.2 (see F i g 4.1) 
m/e Fragment I o n I m/ e Fragment I o n I 
96 EtC s NCEt + 9.4 227 [SnCl^ + 2 H ] + 7.0 
98 [EtC = NCEt + 2H] + 45 238 CI SnCH + 11 
108 [ ( E t C K ) 2 ~ 2H] + 10 254 Cl^SnEt"1" o r 30 
120 S n + 21 CI Sn(CH)C =N + 
123 [Sn + 3H] + 40 271 C l 2 S n ( E t ) C =NC = N + 4.5 
140 9 29 282 C l 3 S n ( E t ) C =NH 2 + 5.1 
156 [SnCl + H] + 22 294 C l 3 S n ( E t ) C = NC + 9 .6 
180 12 311 [ C l 3 S n ( E t ) C =NCNH2 + + 3.5 
190 S n C l 2 + 5.9 327 [CI Sn(Et)C =NCEt + 6H] + 3.5 
196 100 341 r c i 3 S n ( E t ) C = NC(Et) = mC 13 


















4 . 3 
Origin Bu tC = N + HSnCl. 7.74g 










Infra-red, v c m - 1 
RCN.HSnCl RCN.IISnCl JHCl|(RCH = NH^gSnClg 
19.4 17.4 23 . 8 
3.3 3.2 4.8 
4.5 4.0 5.5 
38.4 34.3 23.6 
34.4 41.0 42.3 
C f i H l f i N C 1 A S n 
KBr d i s c 11H N.M.RA1 :."C0, Ejrt.TI; 
3305m/s, s h l , 3220s, 3004w/m, 2960m, 
2925v;/m, s h l , 2902w/m, s h l , 2860w/:n, 
s h l , 2790w, s h l , 1750w, s h l , I634m/s, 
1544m, 1475m/s, 1455m/s, s h l , 1400s, 
1220w, 1179w, 1113m, 10B0w/m, 1020w/m, 








m/e Fragment Ion 1 m/e 
36 HC1 + 100 260 
44 
+ + 
C( : :\?)? o r CONH2 100 269 
57 Bu + 100 299 
70 BuCH+ 100 308 
84 Bucmi 4 100 ~349 
98 BuCN 2H + o r 
BuCNMGH2+ 
100 
120 . Sn + 79 
155 SnCl + 100 
190 S n C l 2 + 100 
225 S n C l 3 + 100 
Fragment Ion 
]nCl 











C13CC = K + I ID n C l 3 (0.48g) 
Name & Structure 
see t e x t 
I m.pt. 
d158-60 
Elemental Analysis RCN.iisnci 
C 3.9 6.5 
H 1.8 0.3 
N 5.4 3.0 
Sn 28.5 32.0 
CI 51.9 57.4 
Empirical Formula C ^ H NSnci 
Infra - red. v cm"1 KBr d i s c f i g . 4 . 2 PH N.M.R." 6 l)MsO,JJ!XI 
3500m, b, 3440m, b, 3180w/m, b, 
7.23 t 51 1 
1600 m/s, 1393m/s, b, 410m/s, b, 314s 
Mass Spectrum 
m/e Fragment Ion I m/e Fraqmenl lor 1 1 
36 r c i + 100 225 S n C l 3 + 100 
57 9 30 260 S n C l / 4 8 0 
66 ? 88 269 [ S n C l 3 + C ( N H 2 ) 2 ] + 54 




SnNH 2 + o r 
+ 





[SnCl + C 
4 
o r f S n C l , -t 1 4 
9 
( N H 2 ) 2 ] + 
comi 2] + 
11 
21 
155 SnCl + 100 351 9 7.5 
190 Dy,A1 72 
Other Information 1 1 9 
Sn Mossbauer ( t a b l e 4. 3, f i g . 4.4) 
139 
Compound No. 
4 . 5 
Origin 
C1CH2CH2C= i : + IlSnCl ( 3 . 5 4 e ) 
Name & Structure 
see t e x t 
m.pt. 





2 . 3 





4 . 5 
37.6 
44 .9 
Empirical Formula c^cleSn2 
l1H N.M.R/6 D:5SOfBzt.'niB 
03H!llHlliS(raSS^ 
Infra-red, v cm"1 KBr d i s c 
3430m, b , s h l , 3313m/s, b, s h l , 3200s, 
b, 2910m, b , s h l , l6S4m/s, b, 1540m, 
b, s h l , 1400s, b, 1280w/m, s h l , 1260w, 
1222w, 1174w, 1134w/m,1036w, 9S6m, 960 
w, 870m/s, 6lOw/m, 540w, 470w,b, 313s. 
Mass Spectrum 



















C I I 2 
KH 







C 2 H 4 
n c i + 
C ( K 1 I 2 ) 2 + , C 0 N H 2 + 
CI-I 2 CK 2 CJIJ : + 

















[ClCH 2 CH 2 CiniSnCl 3 + 







Other Information n 9 S n E 8 s 8 b a u e r ( t a b l e A m 3 t f i g . 4 . 4 ) 
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Compound No. 
4 . 6 
Origin 
PhCsH + HSnCl, (5.85g) 
Name & Structure 
see t e x t 
Elemental Analysis 
C 26.1 
Sn 3 5 o 1 
CI 33 . 5 
Empirical Formula c 7 H R N c i ^ s n 









(RC1I = NH 2) 2SnClg 
30.9 
2.9 
5 . 1 
21.9 
39. 1 
Ki3r d i s c 
3336m, 3240m, 3 1 c 0 n , 3040w/m, s h l , 
I692m/s, 1624m, 1 593m/ : : , 1576m, 1531m, 
1502m, s h l , 1492m, s h l , 1446m, 1399m, 
1327m, 1310m, 1219s, 1209m, s h l , 1187 
m/s, 1l62m/s, 1119m, 1080w/m, 1057m, 
1024v/, 998\v, 972w, 932w, 842m, 320s, 
784s, 749m, 690m/s, 660m, 650m, s h l , 
579w/m, 447m, 420m, 306s, 283m/s 
l1H N.M.R. M 
5 1 . 3 
Mass Spectrum 



























H C 1 
com:, 
( C I J ) 2 - 1 + o r C4H + 
PhCUH 
Sn + 





















4 . 5 
2.1 
3.0 
Other Information Sn Mossbauer ( t a b l e 4 . 3 , f i g . 4 . 4 ) 
Compound No. 
4 . 7 
0 r i 9 i n P h C K 2 C E N + hSnCl^ ( 5 , 2 5 f i ) 
Name & Structure 
see t e y t 
m.pt. 
120 - 3 0 
Elemental Analysis R C I I . H S I I C I ( R C K = N H 2 ) 2 S n C l g 
C 3 4 . 5 28.0 
H 3 . 5 2 . 3 
N 5 . 1 4.1 
Sn 3 6 . 3 3 4 , 6 
CI 3 1 . 0 31.0 
Empirical Formula c 1 0 H i 2 N C l 3 S n 




3 7 . 2 
Infra - red, v cm"' 1H N.M.R. d ^ r s o . ttxt.TMS 
3520m, b, 3440m, b, 3225m, 3100m, 
I630m/s, 1610m/ s, 1483m, 1449w, 14Q0w/m 
s h l , 1377m, 1337w/m,1201w/m,11R9m,1150\ 
1110w,1074w, 1027w, 1000w, 930m, 920w/n 
4.44 s - 4 
s h l , 909w/m, 678 s, 752m/s, 701s , 535w, 
474m, 409m/s, 314m, 290m/s 7 . 6 7 s, b 3 Ph 
Mass Spectrum 
m/e Fragment Ion I m/e Fraq men! Ion 
36 KC1 + 32 155 SnCl f 14 
51 n p + W 4 L 3 81 190 S n C l 2
+ 4 . 3 
77 Ph + 12 225 SnCl + 18 
91 PhCH 2 + 41 341 [PhCH 2CNSnCl 3-H] + 13 
117 PhCH2C3\T+ 100 420 ? 24 




P o s s i b l e Products o f the R e a c t i o n between RCSN and SnCl /HCl/Et rO 
Product D e r i v a t i o n 
RC«=NH 
ul^Sn 
H y d r o s t a n n a t i o n o f the n i t r i l e 
bond. 
RC=NH 2 +. S n C l 3 " 
Cl^Sn I V . 4 
A d d i t i o n o f HSnCl 3 t o I V . 3 
RC = NH 2 +. C l " 
C l 3 S n I V . 5 
H y d r o c h l o r i n a t i o n o f I V . 3 
RC=NH 2 +. S n C l 3 " 
Cl I V . 6 
. H y d r o c h l o r i n a t i o n f o l l o w e d 
by a d d i t i o n o f HSnCl 3 
R R 
\ / C = N — C I V . 7 
/ \ 
Cl 3Sn NH 
A d d i t i o n o f HSnCl 3 t o two 




/ ^ + 
C l 3 S n NH 2 . S n C l 3 
I V . 2 
\ / 
C = N — C 
Cl 3 S n NH 2 +. Cl 
D i m e r i s a t i o n r e a c t i o n s 
( R C H=NH 2) 2 +. S n C l g 2 " 
I V . 8 
See r e f . 15 
The p r a c t i c a l r e s u l t s w i l l now be discussed t o d i f f e r e n t i a t e 
which of the above p o s s i b i l i t i e s are most f e a s i b l e -
4.3.1. I n f r a - r e d S p e c tra 
The s o l i d p r o d u c t from t r i c h l o r o a c e t o n i t r i l e , 4.4, i s o f 
p a r t i c u l a r i n t e r e s t as i t has no a l ! : y l o r a r y l groups t o co m p l i c a t e 
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i t s spectrum ( f i g . 4.2). I t i s t h e r e f o r e a u s e f u l r e f e r e n c e f o r 
the f o l l o w i n g d i s c u s s i o n . 
v(C = N) vIC-Cl ) 
I 
4000 












F i g . 4.2. I n f r a - r e d Spectrum of the H y d r o s t a n n a t i o n Product 
o f _ C l 3 C C = N 
The most n o t i c e a b l e o b s e r v a t i o n from t h e i n f r a - r e d s p e c t r a 
i s the l o s s of the n i t r i l e peak v(C = N ) (2230-2220 cm"*1) 
accompanied by the development o f an azomethine a b s o r p t i o n 
v ( C = N ) (1692-1471 cm "*"), thus i n d i c a t i n g t h a t hydros t a n n a t i on 
lias o c c u r r e d across the n i t r i l e group. Compounds 4.1, 4.2, 4.6 
and 4.7 each have tv/o peaks i n t h e azomethine r e g i o n , the o t h e r s 
have one. The l a t t e r could have a second pea:: hidden under t h e 
broadness of the f i r s t one. Aromatic a b s o r p t i o n s are a l s o 
p r e s e n t i n t h i s r e g i o n t o add f u r t h e r c o m p l i c a t i o n s f o r 4.6 and 4.7 
where R i s Ph and PhCH^. I f the pr o d u c t s are d i m e r i c i n n a t u r e , 
I V . 2 , [ 3 ] then one would indeed expect two such peaks. 
However, S(N-H) a b s o r p t i o n s are a l s o present i n t h i s r e g i o n 
(1655-1515 cm "*") but are c h a r a c t e r i s t i c a l l y weaker than v(C = N ) 
and may t h e r e f o r e be hidden. 
The s p e c t r a a l l have at l e a s t two peaks i n the r e g i o n 3300-3100 cm 
showing v(N-H) v i b r a t i o n s t o be p r e s e n t , p o s s i b l y from irainium s a l t s . 
By coraparison(N-methy]) d i p h e n y l methylene ammonium t r i c h l o r o s t a n n a t e 
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( c h a p t e r 3) has N-H s t r e t c h i n g v i b r a t i o n s a t 3060 and 3180 cm" . 
A l l of the compounds (except 4.3 and 4.4) have one o r two 
a d d i t i o n a l peaks of weak t o medium i n t e n s i t y between 3550 and 3400 cm 
which may be a t t r i b u t e d t o v ( N - I l ) of an amine or amide group. 
Each spectrum a l s o has a peak a t 1400 cm ^ f o r v(C-N) as 
expected f o r the d i m e r i c species ( I V . 2 ) 
There i s a l s o a peak between 900 and 850 cm ^ (exc e p t f o r 4.6) 
p o s s i b l y i n d i c a t i n g a c a r b o n - c h l o r i n e bond. I t i s t h e r e f o r e p o s s i b l e 
t h a t h y d r o c h l o r i n a t i o n may have a l s o taken p l a c e . 
F i n a l l y a s t r o n g peak betv/een 315 and 310 cm ~^ appears i n a l l 
of the s p e c t r a f o r v(Sn-Cl) [ 2 2 ] . Compounds 4.6 and 4.7 have an 
a d d i t i o n a l peak between 290 and 280 cm ^ r e p r e s e n t i n g a second t i n -
c h l o r i n e v i b r a t i o n . This second peak may be hidden i n the s p e c t r a 
of the o t h e r compounds. 
I n c o n c l u s i o n the s p e c t r a shov: a l l the expected f e a t u r e s f o r 
h y d r o s t a n n a t i o n across the n i t r i l e group. They g i v e some, but 
not c o n c l u s i v e evidence f o r the d i m e r i c s a l t s . 
4.3.2. 1K. N.U.R. Spectra 
The p r o t o n n.m.r. s.pectra were run i n d e u t e r a t e d d i m e t h y l 
s u l p h o x i d e due t o s o l u b i l i t y problems w i t h a l l o t h e r s o l v e n t s t r i e d . 
There are two main o b s e r v a t i o n s from the s p e c t r a : 
F i r s t l y , a l l of the s p e c t r a e > h i b i t a t r i p l e t o f equal i n t e n s i t y 
peaks centered a t a p p r o x i m a t e l y 7 ppm w i t h the e x c e p t i o n of compound 
4.7, (H= PhCH^) where i t has spread out t o a broad s i n g l e t 
of low i n t e n s i t y . The t r i p l e t i s due t o p r o t o n - n i t r o g e n c o u p l i n g 
("^ N has a s p i n of one) and o n l y occurs i f the r a t e o f p r o t o n 
exchange i s slower than the n.m.r. time s c a l e . Also t h e n u c l e a r 
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quadrupole of N increases the r e l a x a t i o n time which r e s u l t s 
i n broadening and coalesence o f the l i n e s (~23, 2 4 ] . The 
magnitude of the c o u p l i n g c o n s t a n t s ( 5 1 - 5 2 Hz) i s comparable w i t h 
values between 40 and 68 Hz f o r d i a l k y l a m i n e s and t e r t i a r y 
alkylammonium s a l t s [ 2 5 , 26] and values o f a p p r o x i m a t e l y 52Hz f o r 
the d i m e r i c species IV.3 [3 J. The analogous dimers from the 
c h l o r i n a t i o n of n i t r i l e s have t h r e e broad equal i n t e n s i t y s i g n a l s i n 
t h i s r e g i o n f o r the pr o t o n s of the irainium group ( C = N l i 2 + ) f 1 6 J 
I n c o n t r a s t the n.m.r. spectrum of (N-methyl) d i p h e n y l methylene 
+ — 
ammonium t r i c h l o r o s t a n n a t e , Pl^C^NIH.Ie . SnCl^ , a l s o i n dg DIvISO, 
does not show p r o t o n - n i t r o g e n c o u p l i n g . Low f i e l d s i n g l e t s 
between 9 . 2 5 and 10 . 2 5 ppm [ l 6 ] i n the h y d r o - c h l o r i n a t i o n dimers are 
a t t r i b u t e d t o a p r o t o n a t t a c h e d t o the c e n t r a l n i t r o g e n atom (*) 
of the d e l o c a l i s e d system, I V . 9 . 
I NH„ 
V/' f( +




S i n g l e t s i n t h e c o r r e c t r e g i o n are observed f o r some o f 
the compounds and are denoted by a s u b s c r i p t ( c ) i n t h e d a t a t a b l e s 
s t i l l g i v i n g r i s e t o the p o s s i b i l i t y of d i m e r i c s p e c i e s . 
Secondly, each n.m.r. spectrum e x h i b i t s peaks f o r j u s t one t y p e 
of R group (R = a l k y l , a r y l ) which suggests t h a t the p r o d u c t s are 
raonoraeric r a t h e r than d i m e r i c (where two s e t s of peaks would be 
expected f o r the R groups i n two d i f f e r e n t e n v i r o n m e n t s ) . 
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4 . 3 . 3 . ELemental A n a l y s i s 
The elemental analyes are not p a r t i c u l a r l y h e l p f u l i n 
e s t a b l i s h i n g t rends of products i n the s e r i e s o f n i t r i l e s s t u d i e d 
but g i v e evidence f o r mono and d i a d d u c t s as w e l l as p r o d u c t s 
i n c o r p o r a t i n g e x t r a molecules of hydrogen c h l o r i d e . Also 
h e x a c h l o r o s t a n n a t e s are p o s s i b l e f o r compounds 4.3, 4.6 and 4 . 7 . 
One p o s s i b l e reasoii f o r the poor r e s u l t s i s t h a t even a f t e r 
s t r i n g e n t washing and p u r i f y i n g methods the p r o d u c t s are n o t 100% 
pure as i n d i c a t e d by the number o f peaks i n the Mossbauer s p e c t r a . 
For the i n t e r p r e t a t i o n of each p r o d u c t i n d i v i d u a l l y , see t h e d a t a 
t a b l e concerned. 
4 . 3.4. Mass Spectra 
Mass spectroscopy i s p a r t i c u l a r i l y u s e f u l i n c h a r a c t e r i s i n g 
c h l o r o - t i n compounds as t i n has t e n n a t u r a l l y o c c u r i n g i s o t o p e s 
and c h l o r i n e has two. T h e r e f o r e , fragments c o n t a i n i n g t i n and 
c h l o r i n e have c h a r a c t e r i s t i c i s o t o p e p a t t e r n s ( f i g . 4.3) 
l l l l l l . l . l l l l l l l . l I • 
161 196 217 111 125 147 1G2 231 
Sn SnCl SnCl SnCl 
UlliLl 
252 266 287 301 322 336 
SnCl, + SnCl + SnCl, + 4 5 6 
F i g - 4 . 3 
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The f i g u r e s quoted i n t h e data t a b l e s r e f e r t o the most i n t e n s e 
peak of the group. Peaks f o r SnCl^ (x = 1 - 3 ) show t h a t t h e 
t r i c h l o r o s t a n n a n e u n i t i s present i n a l l compounds. I n a d d i t i o n 
they a l l (except 4 . 2 ) e y J i i b i t a peak a t m/e 260 f o r S n C l ^ + 
due t o r e c o m b i n a t i o n i n the spectrometer. 
+ + m —p + S n C l 3 — — » S n C l 4 — • S n C l 4 ( 4 . 5 ) 
+ + There i s no evidence f o r SnCl c o r SnCl.- which would be expected b b 
i f the s t a n n i c aldimonium c h l o r i d e s , (RCH = NH^^SnClg had been formed 
[ 1 5 ] . The mass s p e c t r a s t r o n g l y suggests t h a t the compounds 
(fr o m the n i t r i l e RON) may be d i m e r i c due t o peaks which may be 
assigned t o [ c ( N H 2 ) 2 ] + , [ R + C(NH 2) 2 ] * [ s n C l x + C ( N H 2 ) 2 ] + , 
(X = l - 3 ) » (RCN) 2 + a n ( i v a r i o u s fragments o f t h e dimer backbone. 
The s p e c t r a f o r the methyl and e t h y l d e r i v a t i v e s are p a r t i c u l a r i l y 
good examples. This i s confirmed by the F.A.B. spectrum o f compound 
4 . 2 ( f i g . 4 . 1 and t a b l e 4 . 1 ) . The unassigned h i g h mass peaks may 
be due t o i o n - i o n o r i o n - m o l e c u l e r e c o m b i n a t i o n w i t h i n t h e mass 
spectrometer. 
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4 . 3 . 5 Sn Mossbauer Data 
The Mossbauer d a t a are t a b u l a t e d below ( t a b l e 4 . 3 ) and 




Sn Mb'ssbauer Data o f Compounds 4.1 t o 4 . 6 
ComDOund Isomer S h i f t . * T i n O x i d a t i o n Quadrupole Area 
S t a t e S p l i t t i n g . * A. 
4.1 0.527 i 0.017 4 0 . 0 19.04 
0.899 - 0.007 4 2.220 - 0.007 41.58 
3.800 - 0.016 2 0.0 19.17 
4.342 t 0.017 2 0.0 20.21 
4.2 0.889 - 0.017 4 1.988 i 0.017 30.98 
3.814 - 0.037 2 0.0 35 . 1 5 
4 . 3 2 0 i 0 . 0 3 2 2 0.0 33.87 
4.3 0 . 5 7 9 i 0.004 4 0.0 84.32 
4.133 - 0.022 2 0.0 1 5 . 6 8 
4.4 0.593 - 0.002 4 0.0 100 
4.5 0.286 - 0 . 0 0 5 4 - 29.24 
2.399 i 0 . 0 2 5 2 - 3 4 . 1 1 
2.831 i 0.024 2 - 36 . 6 5 
4.6 0 . 5 3 6 - 0.014 4 0.0 73.77 
4.037 - 0.045 2 0.0 26.23 
mm sec 
The expected Mossbauer.features f o r the p o s s i b l e p r o d u c t s IV.2 
t o IV.8 ( t a b l e 4.2, page 142 ) are l i s t e d below ( t a b l e 4 . 4 ) . 
Table 4.4 
Expected Llossbauer Features f o r t h e P o s s i b l e H y d r o s t a n n a t i o n 
of S a t u r a t e d N i t r i l e s 
Compound(s) T i n O x i d a t i o n 8. mm s e c - 1 
S t a t e 
A IV. 6 2 > 2 ; 7 
B IV . 3 , I V . 5 , I V . 7 , IV.8 4 <2 . 7 
C IV.2 + IV.4 2 > 2.7 
+ 4 + <2.7 
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COMPOUND 4 . 3 
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V E L O C I T Y ( M M / S E C ) 
P i g . 4.4. Mossbauer Spectra o f Compounds 4.1 t o 4.6. 
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100 
COMPOUND 4 . 4 
92 
0 - 0 16-0 8-0 1 6 0 8 0 
00 
100 
COMPOUND 4 . 5 
LU 
or 94 r 
8-0 0-0 4 - 0 8-0 4 -0 
T « 
100 
COMPOUND 4 . 6 
97 
1 6 0 0-0 8-0 8-0 16-0 
V E L O C I T Y ( M M / S E C ) 
P i g . 4o 4- c o n t i n u e d . 
151 
Compound 4 . 4 ( f r o m t r i c h l o r o a c e t o n i t r i l e ) gave a s i n g l e peak 
( ^ = 0.593 mm s e c " b which i m p l i e s t h a t the t r i c h l o r o s t a n n a n e 
group has become c o v a l e n t l y bonded t o the n i t r i l e ( I V . 3 , IV.5 
and I V.7) o r t h a t the h e x a c h l o r o s t a n n a t e ( I V . 8 ) has been formed. 
L i k e w i s e , the products from a c e t o n i t r i l e , t r i m e t h y l a c e t o n i t r i l e 
and b e n z o n i t r i l e gave peaks a t v e r y close s h i f t s t o t h a t o f the t r i -
c h l o r o a c e t o n i t r i l e p r o d u c t i n d i c a t i n g s i m i l a r s t r u c t u r a l f e a t u r e s . 
I n a d d i t i o n the t r i m e t h y l a c e t o n i t r i l e and phenyl compounds 
gave a second, much weaker peak i n the r e g i o n f o r a t r i c h l o r o s t a n n a t e 
i o n which i m p l i e s t h a t the samples were s l i g h t l y impure o r had begun 
t o decompose. The spectrum f o r t h e methyl d e r i v a t i v e i s more 
complex and t h e r e f o r e more d i f f i c u l t t o i n t e r p r e t . Both t h e met h y l 
and e t h y l d e r i v a t i v e s e x h i b i t a d o u b l e t ( c e n t e r e d a t 0.899 and 
0.389 mm sec r e s p e c t i v e l y ) and two s i n g l e t s ( a t 3.800, 4.342 and 
3.814, 4.320 mm sec r e s p e c t i v e l y ) . I t i s p o s s i b l e t h a t t h e two 
d o u b l e t s may each r e p r e s e n t a n o t h e r o f the a l t e r n a t i v e s i n group'B 1 
( t a b l e 4.4) or t h a t alone w i t h one o f the h i g h s h i f t peaks may r e p r e s e n t 
one of t h e p o s s i b i l i t i e s of group'C1 The o t h e r h i g h s h i f t peak 
suggests a t r i c h l o r o s t a n n a t e a n i o n , most p r o b a b l y w i t h an imminiura 
c a t i o n , f o r example I V . 6 , as an i m p u r i t y . The d a t a f o r compound 4 . 5 are 
i n c o n s i s t a n t w i t h those f o r the r e s t of the compounds i m p l y i n g t h a t 
2 - c h l o r o - p r o p i o n i t r i l e may have r e a c t e d d i f f e r e n t l y . For comparison 
t a b l e 4.5 shows isomer s h i f t v a lues of a few r e l e v a n t , known compounds. 
The quadrupole s p l i t t i n g , which depends on the s p a t i a l arrangement 
of the l i g a n d s on the t i n atom, i m p l i e s t h a t i n the m a j o r i t y o f t h e 
compounds (4.1 t o 4.6) the l i g a n d s are s y m e t r i c a l l y d i s p l a c e d ( A = 0 
mm sec 1 ) . T h erefore the h e x a c h l o r o s t a n n a t e , IV.8, would be the best 
assignment. The elemental analyses o f t h e t r i m e t h y l a c e t o n i t r i l e 
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Table 4 . 5 
119 Sn Isomer S h i f t s . S . o f some R e l a t e d Compounds Uo3 
Compound S, mm sec Ref. 
SnCl. 4 0.85 [28, 29] 
BuSnCl, 1 .31 30) 
j 1.38 [31] 
PhSnCl_ 1.31 [30] 
3 1.47 [32] 
1.27 [33] 
1 . 1 0 [34] 
H + 2 3 n C l 6 2 " 0.5 [35, 3 6 ] 
( E t 4 N ) + 2 . S n C l 6 2 " 0.5 [36] 
E t . N + . SnCl ~ 3.43 [36] 
4 3 3.47 [37] 
(^mf. S n C l 3 " 3.02 [38] 
Cs ?* rSnCl 3" 3.69 [ 3 6 ] 
SnCl- 4.06 [38] 
c. 4.07 [3 9 ] 
SnCl 2.2H 20 3.55 [ 2 9 ] 
- 1 * R e l a t i v e t o SnO?. A c o r r e c t i n g term o f +2.10 mm sec was used 
where the o r i g i n a l r e f e r e n c e s used a grey («< ) t i n source [40] . 
and p o s s i b l y the pheny l and benzyl d e r i v a t i v e s do suppo r t t h i s but 
t h e r e i s no evidence from t h e mass s p e c t r a . I t i s a l s o p o s s i b l e 
f o r a very s m a l l quadrupole s p l i t t i n g , o r none a t a l l , t o occur when 
e i t h e r none or a l l o f the atoms a t t a c h e d t o the t i n atom c o n t a i n a 
lone p a i r o f e l e c t r o n s [27 ] . 
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4 . 4 General D i s c u s s i o n 
I n g e n e r a l , the r e s u l t s f o r t h e above s e t o f compounds imply-
t h a t they are monomeric species„ Products b e l i e v e d t o be d i m e r i c 
have been o b t a i n e d [ 3 ] by passing hydrogen c h l o r i d e gas i n t o a 
suspension of t i n d i c h l o r i d e i n excess n i t r i l e ( a c t i n g as s o l v e n t 
as w e l l as r e a c t a n t ) f o r s i x t o t w e l v e hours. The analogous c h l o r i n e 
dimers were formed by a d d i t i o n o f excess hydrogen c h l o r i d e t o the 
n i t r i l e [ l 6 j . By p r e p a r i n g e t h e r e a l t r i c h l o r o s t a n n a n e i n d i e t h y l 
e t h e r and then adding t h e n i t r i l e t h e l a t t e r i s not exposed t o 
prolonged h y d r o c h l o r i n a t i o n which may account f o r the l a c k of 
d i m e r i s a t i o n . There may, however, be a s m a l l excess o f hydrogen 
c h l o r i d e i n the e t h e r e a l t r i c h l o r o s t a n n a n e , f o r example i n any 
e t h e r which has n o t been removed from the v e s s e l before a d d i t i o n 
of the n i t r i l e . T h i s c o u l d cause a low y i e l d o f the d i m e r i c s a l t 
which may show up i n the s p e c t r o s c o p i c s t u d i e s depending on t h e i r 
s e n s i t i v i t y . This e x p l a i n s why t h e r e i s l i t t l e evidence f o r 
d i m e r i s a t i o n i n the n.m.r. s p e c t r a , i n which s o l u b i l i t y d i f f i c u l t i e s 
were experienced, and s u b s t a n t i a l evidence i n the mass s p e c t r a which 
would d i v u l g e the s l i g h t e s t i m p u r i t y . P o s s i b l e p r o d u c t s are l i s t e d 
i n t a b l e 4 . 2 . For comparison the h y d r o c h l o r a i n a t i o n of n i t r i l e s i s 
summarised i n scheme 4 . 2 . 
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RC=N + HC1 
RC=NH 
i i iv.10 1 HC1 
RC=NH_ + Cl = I 2 
CI IV.11 
I f d i m e r i s a t i o n i s d i f f i c u l t t h en t r i m e r i s a t i o n o f the n i t r i l e 
IV.12 o r t i n c o n t a i n i n g t r i m e r s are even l e s s l i k e l y . The i m i n e 
t r i c h l o r o s t a n n a n e RC(SnCl^)=NH ( I V . 3 ) i s u n l i k e l y f o r t h r e e reasons: 
( i ) I n the analogous h y d r o c h l o r i n a t i o n r e a c t i o n t h e i m i n e IV.10 
r e a d i l y undergoes f u r i l i e r h y d r o c h l o r i n a t i o n t o t h e i m i n i u m 
s a l t , I V . 1 1 . 
( i i ) I n t e g r a t i o n values f o r the t r i p l e t s r e p r e s e n t i n g p r o t o n s 
a t t a c h e d t o the n i t r o g e n atom i m p l y more than one p r o t o n , i n the t i n 
c o n t a i n i n g p r o d u c t . 
( i i i ) The v(N-H) r e g i o n i n the i n f r a - r e d s p e c t r a o f the compounds 
4.1. t o 4.7 i s too complex, a l t h o u g h i f a m i x t u r e o f p r o d u c t s i s 
pr e s e n t t h e n t h i s would n ot be too s i g n i f i c a n t . 
Products i n v o l v i n g the a d d i t i o n o f HC1 as w e l l as HSnCl^ t o the 
n i t r i l e are a l s o p o s s i b l e I V . 5 and I V . 6 . This i s f e a s i b l e i f any o f 
the hydrogen c h l o r i d e i s u t i l i s e d i n t h i s way, r a t h e r t h a n l e a d i n g 
t o d i m e r i s a t i o n . Also i t i s p o s s i b l e t h a t the i n t e r m e d i a t e species i s 
i n f a c t e t h e r e a l dihydrogen t e t r a c h l o r o s t a n n a t e , H^SnCl^. 2Et^» 
(Chapter 2) which may be co n s i d e r e d t o a f f o r d a d d i t i o n o f HSnCl^ and 
HC1. The mass s p e c t r a a l l e x h i b i t a peak f o r HC1 + but t h e r e are 
none f o r (RCN + HC1) + w i t h c o r r e c t i s o t o p e p a t t e r n s f o r c h l o r i n e . 
RCSNH CI 
2RCN I CI RCN + HC1 
R R \ R R N C=N—C 





H y d r o c h l o r i n a t i o n f o l l o w e d by h y d r o s t a n n a t i o n i s t h e r e f o r e 
u n l i k e l y t o occur, 
HC1 HSnCl 
RCN » RC = NH ^—» R C = I I H ? + S n C l " (4o6) 
+ 2- ' I 
o r +H 2 S n C l 4 , CI CI 
~H +SnCl 3~ 
However the i n f r a - r e d s p e c t r a do suggest the p o s s i b i l i t y of carbon-
c h l o r i n e bonds. 
Upon h y d r o l y s i s and exposure t o t h e a i r the h y d r o s t a n n a t i o n 
p r o d u c t of c h l o r o a c e t o n i t r i l e gave a s e m i c r y s t a l l i n e product (4.8.) 
( a f t e r e v a p o r a t i o n ) of which the i n f r a - r e d spectrum i s 
t a b u l a t e d below. 
Table 4.6 
I n f r a - r e d Spectrum of Compound 4.8 
=1 









I t i s n o t i c e a b l e t h a t peaks f o r v ( C = N ) 0.689-1471cm ) and 
v(C-Cl) (850-550cm-''") have disappeared. The l i q u i d p a r t gave v e r y 
broad peaks i n the v(O-H) r e g i o n s making i t d i f f i c u l t t o o b t a i n any 
c o n c l u s i v e r e s u l t s . One would expect t h a t upon c h a r a c t e r i s a t i o n 
of the h y d r o l y s i s p r o d u c t one v/ould be a b l e t o deduce the d i r e c t i o n 
of h y d r o s t a n n a t i o n o f the n i t r i l e f u n c t i o n a l group, as i l l u s t r a t e d 
s c h e m a t i c a l l y below. 
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RC=N + HSnCl. 
RC=NH 
Cl 3 S n I V „ 3 l H 2 ° 
RCH=NSnCl. 
H 20 
I V . 13 
RC=N 
RCHO 
Scheme 4 . 3 
A l t e r n a t i v e l y , b r o m i n a t i o n o f th e h y d r o s t a n n a t i o n p r o d u c t 
would cleave the c a r b o n - t i n bond ( I V . 3 ) t o g i v e a brominated 
a l k y l d e r i v a t i v e which cou l d be c h a r a c t e r i s e d . I n the case o f 
compound I V . 13 a. complex o r g a n o t i n product would be formed which 
would be d i f f i c u l t t o h y d r o l y s e and i d e n t i f y . 
The h y d r o s t a n n a t i o n r e a c t i o n i s t h e r e f o r e v e r y complex as t h e r e 
are so many p o s s i b l e r e a c t i o n pathways i n v o l v i n g e t h e r e a l 
t r i c h l o r o s t a n n a n e and/or hydrogen c h l o r i d e . The r e a c t i o n has 
al r e a d y been discussed i n terms o f the p o s s i b l e i n t e r m e d i a t e 
d i h y d r o g e n t e t r a c h l o r o s t a n n a t e . I t i s h i g h l y probable t h a t the 
r e a c t i o n w i l l n o t proceed i n one d i r e c t i o n o n l y as i n d i c a t e d by the 
number o f Mossbauer peaks f o r each compound and by the d i f f i c u l t y 
i n f i t t i n g the el e m e n t a l a n a l y s i s . Formation o f the imminium s a l t 
( I V .14) i s rep r e s e n t e d by scheme 4.4: 
RCHH - > RC=NH + 
Cl^Sn"* + RC=NH 
R R 
/ ^ / 
Cl 3Sn Cl^Sn 




C=NH + RC=NH 
Cl.Sn 
The d i m e r i s a t i o n mechanism [3] i s g i v e n i n scheme 4.5: 
R R o n - . * * R R \ + / SnCl N / 
> C=N—C v 2 > C=N—C 
/ H ^ / ^ + Cl^Sn NH C l 3 S n NH^ 
S n C l 3 
Scheme 4.5 
I t i s apparent t h a t the presence o f excess hydrogen c h l o r i d e i s 
necessary f o r d i m e r i s a t i o n t o proceed. Three new n i t r i l e s have been 
examined, namely t r i c h l o r o a c e t o n i t r i l e , 2 - c h l o r o p r o p i o n i t r i l e and 
p h e n y l a c e t o n i t r i l e . T r i c h l o r o a c e t o n i t r i l e was used because i t would 
be a u s e f u l r e f e r e n c e compound h a v i n g no o r g a n i c s u b s t i t u e n t s a t t h e 
«-< carbon atom which would c o m p l i c a t e the s p e c t r a . A l so t h e e f f e c t 
o f the e l e c t r o n e g a t i v i l y o f the n i t r i l e s u b s t i t u e n t may be observed 
Cl 3e-CH; H3C-CN; Me -C-CN. 
The v e r y e l e c t r o n e g a t i v e c h l o r i n e atom s h o u l d render t h e n i t r i l e 
carbon atom more s u s c e p t i b l e t o n u c l e p h i l i c a t t a c k . T h i s may account 
f o r the y e l l o w o i l formed as w e l l as the w h i t e powder which was 
i s o l a t e d . Conversely, the m e t h y l and t e r t i a r y b u t y l groups which 
are more e l e c t r o n d o n a t i n g should discourage n u c l e o p h i l i c a t t a c k . 
The h y d r o s t a n n a t i o n of 2 - c h l o r o p r o p i o n t r i l e was performed f o r 
comparison w i t h t h e a c r y l o n i t r i l e system ( n e x t c h a p t e r ) as t h e 
presence o f hydrogen c h l o r i d e may a f f e c t t h e h y d r o s t a n n a t i o n o f 
a c r y l o n i t r i l e as shown below. <Cl_SnCH„CH 0CN (4.7) 
Product 4.5 
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P h e n y l a c e t o n i t r i l e , along w i t h b e n z o n i t r i l e , was s t u d i e d t o 
examine the p o t e n t i a l t o cause o r t h o m e t a l l a t i o n v i a the p r o d u c t s 
of h y d r o s t a n n a t i o n , which i s discussed i n c h a p t e r 3. 
4.5. Conclusion. 
The h y d r o s t a n n a t i o n o f s a t u r a t e d n i t r i l e s r e s u l t s i n 
c o n v e r s i o n o f the n i t r i l e t o an azomethine group. I t i s a 
complex r e a t i o n and may l e a d t o a range o f p r o d u c t s i n c l u d i n g 
i m i nium s a l t s and d i m e r i c species depending on the r e a c t i o n 
procedure and the presence of excess hydrogen c h l o r i d e . I n t h e 
e x p e r i m e n t a l work f o r t h i s c h a p t e r a m o d i f i e d , much s h o r t e r , method 
has been developed l e a d i n g t o e a s i l y handled, r e l a t i v e l y s t a b l e 
w h i t e powders i n good y i e l d s . The range of n i t r i l e s s t u d i e d 
has been extended by t r i c h l o r o a c e t o n i t r i l e , 2 - c h l o r o p r o p i o n i t r i l e 
and p h e n y l a c e t o n i t r i l e . 
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C H A P T E R 5 
2-CYAN0ETHYLTIN TRICHLORIDE 
5.1 I n t r o d u c t i o n 
A c r y l o n i t r l l e has two p o s s i b l e s i t e s f o r hydrostannation. 
Exploratory work has shown that addition occurs predominantly 
across the alkene bond, without a f f e c t i n g the n i t r i l e group, to 
form 2-cyanoethyltin t r i c h l o r i d e , (CETTC) [ l , 2 j (V.1). 
CH 2 = CHCS5N + HSnCl 3.xEt 20 > Cl^SnCHgCHgCSN + xEtgO (5.1) 
(V.1) CETTC 
The only record of CETTC i n the l i t e r a t u r e i s as a s i d e product 
(under yfo) of the r e a c t i o n between a c r y l o n i t r i l e , hydrogen c h l o r i d e 
and t i n i n ether, the major product being the d i a l k y l t i n d i c h l o r i d e 
(V.2) [ 3 ] . 
15 hrs 
HCl + Sn + CH=CHC = N » Cl 2Sn(CH 2CH 2C=N) 2 + ClJCHgCHgCSN 
14% 3% (5.2) 
V.2 
The analogous bromide has been prepared by brominating the 
t r i p h e n y l d e r i v a t i v e [4,5] and by heating Sn(CH 2CH 2CN) 4 to 105°C 
f o r f i v e hours [6,7] w'iK» Sn&t-^ 
Each molecule of CETTC contains a Lewis base n i t r i l e u n i t and a 
Lewis acid a l k y l t i n t r i c h l o r i d e u n i t . This o f f e r s scope f o r some 
i n t e r e s t i n g coordination chemistry. 
This chapter i s therefore divided i n t o four s e c t i o n s , 
(1) Preparation and c h a r a c t e r i s a t i o n of CETTC. 
( 2 ) Coordination chemistry of CETTC. 
(3) Mechanistic s t u d i e s . 
(4) I n v e s t i g a t i o n i n t o a l t e r n a t i v e products from the hydrostannation 
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of a c r y l o n i t r i l e including the analsgous bromine system and 
the e f f e c t of Grignard reagents on CETTC. 
5.2 THE PREPARATION AKD CHARACTERISATICN OF CETTC 
5.2.1. Experimental 
Excess a c r y l o n i t r i l e (22.0 mis, 334.4 mmoles) was added to 
ethereal trichlorostannane (14.8Cg, 78.3 mmoles), a f t e r removal 
of the ethereal l a y e r , and s t i r r e d at room temperature f o r 48 hours 
to produce a yellow l i q u i d . The v o l a t i l e components were removed by 
vacuum t r a n s f e r without heating, to leave crude CETTC, a pale yellow 
s o l i d , which was r e c r y s t a l l i s e d (10.24g, 44%) from warm toluene 
(60 mis). Overheating was avoided to reduce side reactions. 
5.2.2. Characterisation of CETTC 
Elemental Analysis 
Found; C = 12.9%; H = 1.6%; N = 4.5%; CI w- 39.0%; C ^ C l ^ I S n 
requires; C = 13.0%; H = 1.4%; H = 5.0%; CI = 38.1%. 
m.pt. 108-110°C 
107-108° C [ l ] . 
I n f r a - r e d . v.cm \ n u j o l mull 
3400w,b, 2950s, 2850s, 2278m, I650w/m, 1592m, 1455m/s, 1405m, 1378m, 
1310m, 1240w, 1162m, 1140m,1010m, 910m, 888m, 720m, 690m/s, 625w/m, 
530w, 470m, 
Par i n f r a - r e d , v. cm"'* [ 2 I . 
387w/m, 383m, 375m, 369m/s, 365m, 350m, 338w, 320m/s, 313vs, 309vs, 
sh, 287w/m, 270w/m, 247vw, 233vw, 219vw,217vw, 212vw, 203vw, 176vw, 
170w, 154w, 150w; T36w, 132w, 114vw, 100vw, 84vw, 72m/s. 
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*=1 
Raman v. cm" [2] 
2279vs„ 1422vw„ 1165s, 1412vw, 1025w„ 920vw„ 633s, 6l6vw s 580vw, 
472m, 357vs„ 321m/s, 290vws 275vw, 239w,l62w/m, 132m, 96w0 83w<, 37s„ 
1H N.M.R. 
Table 5 . 1 
H N.M.R. Spectrum of CETTC 
Solvent a Chemical S h i f t , ppm Coupling Chemical S h i f t . 
a 
ppm Coupling A t t r i b u t a b l e tooCCH„ Hz A t t r i b u t a b l e t o Hz 
2 
dgDMSO (b) 1.54 ( t ) 7.0 2.67 ( t ) 7.0 
dgDMSO [ l ] 1.73 ( t ) 8.5 2.73 ( t ) 8.5 
CDC13 [ l ] 2.51 ( t ) 8.0 2.00 ( t ) 8.0 
CDC13 [ 2 ] 2.95 ( t ) 2.46 ( t ) 
(a) Relative to TMS (ex t e r n a l ) „• (b) Spectrum run on two samples 
to check a u t h e n t i c i t y w i t h respect t o tha t recorded by P.G.Huggett [ l ] 





N.M.R. Spectrum of CETTC. d^DtlSO act i n g as both reference and 
solvent 
Chemical S h i f t ppm Character Assignment 
1 3.81 s CH2 
3 9 . 5 9 m pCH 2 + DKS0 
1 2 1 . 9 2 s C= N 
1 1 9 Sn N.M.R. 




Mass Spectrum of CETTC 
m/e Fragment Ion I m/e Fragment I o n I 
36 HC1 + 40 190 S n C l 2 + 41 
54 CH2CH2CN+ 25 2 2 5 S n C l 3 + 63 
1 2 0 Sn + 27 2 4 5 Cl2SnCH2CH2NH+ 67 
1 5 5 SnCl + 99 280 Cl3SnCH2CH2CNH+ 19 
X Ray Crystal Structure [b~\ F i g . 5 . 1 
C ^ C l ^ S n , M - 279.12, orthorhomMc, a = 1 0.602(4), b = 6.418(3), 
c = 1 1.738 ( 5 ) X, U B 799 ( 1 ) A 3, Z = 4 , Dc = 2.320(3)Mg m"3, F ( 0 0 0 ) = 5 2 0 
space group Pna2, Mo K o c ( *X = 0.71069A). 
5 . 2 . 3 . Discussion of Results 
CETTC has been prepared by a s l i g h t l y modified method compared 
to previous work [ l , 2 j . I t s c h a r a c t e r i s a t i o n has been discussed 
extensively £l,2J . I t i s therefore only necessary here to consider 
points of relevence to the remaining sections of t h i s chapter. 
13 119 
The C and Sn n.m.r spectra and the c r y s t a l s t r u c t u r e supply 
new data so are discussed i n more depth. 
The i n f r a - r e d and *H n.m.r. spectra each contain peaks 
a t t r i b u t a b l e to methylene groups and give no evidence f o r any 
remaining alkene bond. The i n f r a - r e d spectrum has a si n g l e peak 
at 2278 cm-"'" f o r v(C=N). The mass spectrum contains a parent i o n at 
m/e 280 f o r the protonated molecule i n a d d i t i o n to peaks representing 
the breakdown of the trichlorostannane and cyanoethyl groups. 
13 
The C n.m.r. spectrum has three peaks, as assigned i n 




13 * ~ 
H.M.R. S h i f t values f o r comparison w i t h those of Cl-SnCHpCHrC=N 
Compound Chemical S h i f t Ref. 
a b e 
CH 0=-CHC=N a 137.5 [9 ] 
c b 108.1 
c 117.5 
a b c 
CHjCHgCSN a 10.6 b 10.8 
c 120.8 
a b e d r- ~l 





The n i t r i l e carbon chemical s h i f t (121.92 ppm) has only 
marginally increased demonstrating that the metal atom has l i t t l e 
e f f e c t . The peak at 13.81 ppm may be assigned to the <=< carbon atom 
of CETTC by comparison w i t h the value f o r the »< carbon atom of e t h y l 
cyanide. S i m i l a r i l y the j i carbon resonance may be assigned by 
comparison w i t h the resonance f o r the carbon atom adjacent to the 
trichlorostannane group of n-butyl trichlorostannane. Unfortunately 
the dgDMSO resonance m u l t i p l e t (centered at 39.59 ppm and ranging 
from 35.5 to 42.8 ppm) obscures any pcarbon resonances i n that region. 
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The Sn n.m.r spectrum was run on a DMSO s o l u t i o n , the compound 
being hardly soluble i n other solvents. CETTC i s soluble i n warm 
toluene but we were unable t o do raised temperature studies. 
DMSO i s not an i d e a l solvent to choose as i t can e a s i l y coordinate to 
the t i n and therefore a f f e c t the chemical s h i f t quite d r a s t i c a l l y . 
Crystallographic studies |j3](Figs. 5.1 and 5.2) show that i n the 
c r y s t a l , CETTC i s a coo r d i n a t i o n polymer; the lone p a i r of 
electrons of the nitrogen atom being coordinated, approximately 
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l i n e a r i l y ( C l ( 3 ) - S n ( l ) - N ( l • ) = 177.1(5)° and C(3)- N ( l ) - S n ( l • ' ) = 
171(2)°), to the t i n atom of an adjacent molecule. The r e s u l t a n t 
polymer consists of a zig-zag chain along the c ax i s , w i t h two such 
chains per u n i t c e l l (Fig. 5.2). 
The arrangement around the t i n atom, i n c l u d i n g the coordinate 
bond w i t h the adjacent molecule, i s s l i g h t l y d i s t o r t e d t r i g o n a l 
bipyramidal; atoms C l ( l ) , Cl(2) and C ( l ) forming the eq u a t o r i a l 
plane w i t h C l ( 3 ) and N ( l ' ) i n the a x i a l p o s i t i o n s . The two 
equ a t o r i a l t i n - c h l o r i n e bonds are of equal length, w i t h i n 
experimental e r r o r , w h i l s t the a x i a l t i n chlorine bond i s 
s i g n i f i c a n t l y longer as expected f o r t r i g o n a l bipyramidal co-
o r d i n a t i o n complexes. The angle C l ( l ) - S n ( l ) - C l ( 2 ) i s the 
smallest of the equ a t o r i a l angles and the angles between the 
eq u a t o r i a l and a x i a l atoms range from 81 . 6 (7)°to 101 . 3 ( 6 ) ° . 
As expected the angles between atom C l ( 3 ) and the equ a t o r i a l plane 
are l a r g e r than those between N ( l * ) and the plane. However , 
unexpectedly, the bond angle CI( 3)-Sn(l)-C(1) i n v o l v i n g the a x i a l 
c h l o r i n e atom i s trie l a r g e s t at 1 0 1 . 3 ( 6 ) ° and i s approaching the 
te t r a h e d r a l angle. 
Evidence f o r intermolecular co-ordination has been obtained 
spectroscopically. F i r s t l y , the f a r i n f r a - r e d spectrum of .CETTC [ 2 ] 
e x h i b i t s peaks at 320(m/s), 313(vs) and 3 0 9(vs.sh) i n the region f o r 
v(Sn-N) which suggests a form of t i n - n i t r o g e n bond. Secondly i n f r a -
red studies of 2-cyanoethyl t i n tribromide £ 4 J l e d Reifenberg and 
Considine to conclude that i t comprises intermolecular complexes. 
The n i t r i l e s t r e t c h i n g frequency i n n u j o l and i n benzene appears at 
2283 cm 1 w h i l s t i n the donor solvent THP, where intermolecular co-
o r d i n a t i o n i s destroyed, the frequency i s reduced by 36 cm-'''. 
S i m i l a r e f f e c t s are observed f o r CETTC (t a b l e 5.5) and upon adduct 
formation ( s e c t i o n 5 . 3 ) . 
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Table 5.5 
Ef f e c t of v(C=N) of CISnCH2CH2C =N (CETTC) upon d i s s o l v i n g i n 
various solvents and exposing to the atmosphere. 
Condition of CETTC V(C=N) cm"1 
CETTC (Nujol mull.) 2278 
CETTC i n toluene 2248 
CETTC i n acetone 2248 
CETTC exposed to 
moist a i r 2250 
By comparison the c r y s t a l structures of CI^Sn(CH 2) 200 2Me [11J 
and Cl 3Sn(CH 2).jC0 2Et [l2] show that the t i n atoms undergo 
intramolecular coordination to give f i v e coordinate t i n . 
5.3. THE COORDINATION CHEMISTRY OF CETTC. 
5.3.1. Mono-organotin compounds ere generally strong Lewis acids 
and can be used as homogenous catalysts f o r e s t e r i f i c a t i o n and 
t r a n s e s t e r i f i c a t i o n reactions [ l 3 ] . The Lewis a c i d i t y of organotin 
halides has been reviewed by P o l l e r [ l 4 J . A q u a n t i t a t i v e 
measurement of the acceptor strength of organotin species may be 
obtained by evaluating the formation constants of complexes i n 
s o l u t i o n [ l 4 - 1 8 ] . For example, phenyl t i n t r i c h l o r i d e i s a stronger 
Lewis acid than trie methyl d e r i v a t i v e which i n t u r n i s stronger than 
the b u t y l d e r i v a t i v e towards a n i l i n e donors i n d i e t h y l ether J^-^J* 
The Lewis a c i d i t y and b a s i c i t y of CETTC i s studied i n t h i s s e c t i o n and 
the adducts formed are summarised i n t a b l e 5.6. 
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Table 5.6 
Adducts of CETTC 
Ligand Adduct Y i e l d [f) 
NMe3 Me3N. JIMe3 * 
Cl 3SnCH 2CH 2C=N 
12 










— N N 
(phen) Cl3SnCH2CH2C^K 
90 
MeO OMe MeO^ ^ OMe 
Cl 3SnCH 2CH 2C=N 
15 
A1C1 3 [ci 3SnCH 2CK 2C«N^ »A1C13 10 
* Could be cis and/or trans isomer. 
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The Lewis a c i d i t i e s of c a r b o x y e t h y l t i n chlorides [19] and other 
closely r e l a t e d systems [l2,20-22]have been reported, the r e s u l t s 
of which may be compared w i t h those f o r CETTC. 
5.3.2. Experimental 
E i t h e r the neat ligand ( i f a l i q u i d ) or a s o l u t i o n of i t i n . 
toluene ( i f s o l i d ) was added to CETTC, dissolved i n a minimum amount 
of toluene, i n the correct molar r e l a t i o n s h i p to give the above 
adducts. The products from CETTC w i t h bipy and phen p r e c i p i t a t e d 
out immediately w h i l s t the TMEDA and A l C l ^ products took a few hours 
to appear. They were i s o l a t e d as white powders by f i l t r a t i o n , followed 
by thorough washing and drying i n vacuo. I n the case of aluminium 
t r i c h l o r i d e , the solvent was innoculated by p r i o r b o i l i n g w i t h a 
p o r t i o n of the l i g a n d . The t r i m e t h y l amine and monoglyme products 
appeared as very f i n e p r e c i p i t a t e s and were subsequently i s o l a t e d by 
removal of solvent. Attempts t o form adducts w i t h stannic c h l o r i d e 
and boron t r i c h l o r i d e yielded only the s t a r t i n g m a terials. Due to 
the v o l a t i l i t y of these Lewis acids the s o l u t i o n s formed were 
reduced i n volunme slowly/by passing a stream of dry n i t r o g e n over the 
surface, but u n f o r t u n a t e l y t h i s was of no a v a i l . 
Characterisation of the adducts formed (compounds 5.2 to 5.7) 
i s presented i n the f o l l o w i n g data tables. I n a d d i t i o n the Mossbauer 
r e s u l t s are given i n f i g . 5.3. 
5.3.3. Discussion of Results. 
The c r y s t a l s t r u c t u r e confirmed inferences from the i n f r a -
red studies t h a t CETTC i s a polymer making use of the l one p a i r of 
electrons on the n i t r i l e moiety and the vacant o r b i t a l on the t i n 
atom by intermolecular c o o r d i n a t i o n . A d d i t i o n of a Lewis acid 
Compound No. 
5.2 
Origin 2NMe3 + Cl^nCI^Cl^CS N 
Name & Structure N M 
\ / 
C l 3 S n C H 2 C H 2 C i N 
bis(triraethylamine) CETTC m. 113-20 
Elemental Analysis 
C 26.4 (26.1.) 
H 7.9 (5.6) 
N 9.4 (10.5) 
Sn 16.0 (29.9) 
CI 22.9 (26.8) 
Empirical Formula c Q H P P N ^ c i ^ s n 
I n f r a - r e d , v c r ' Nujoi r u n MH N.M.R. a ^ s o . E x t . T u s 
3500-3100m, b, 2900s, b, 2690w, b, 
24B2w, 2240m, 1650m, 1255m/s, 1150w, 
1090m, b, 1015m/s, 980m, 800m. 
Mass Spectrum ~ 











!.ie2H NKeg + Cl^nCIlgCHgC = H 
Name & Structure 
Me 0 N N M e 9 
















I n f r a - r e d , v cm" 1 s u j o i M I R adits'6, I n t . l'F.ij 
XBzIM 
2920s, 2855s, 2565m, 2450m, 2246m, 
1454s, 1375m, 1283m/s,1235m, 1195m, 
1155w,1146w/m, 11l6w/n, 1097w/m,T060m, 
1040m/s, 1004s, 980m/s, 949s, 918m, 
SSOw/m, 794s, 76Cta, 720v/n, 670m, 












m/e I Fragment Io"n" 
* = c 
* = TIED 


















+ i ; c i 
Ke2!TCII2 
(Me 2KCH 2) 2 + 
Jn 
SnCl 































Name & Structure 
c i s n c i i 2 c i - i 2 c s i : 






Sn 2 i 0 o 
CI 22.3 








1 3 H 1 2 N 3 C l f n 
I n f r a - r e d , v c r i riujoi M I l 1 H N.H.R. " e ^ 1 1 ^ ' ' ^ 
3100w, 3070w, 2248m, sh, 1160m, b, 
1605m, sh, 1595m, sh, 1570m, 1490m, 
1437s, sh, 1310m/s, 1260m, 1245m, 1215 
1163m, 1150m, 1102m, 1065m, 1060m, 
1040m, 1028s, sh, 1018m,sh, 308m,773s, 
sh, 724s, sh, 670m, 659m, 649m,639m, 
440m. 
Mass Spectrum 
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; r i e f 
Fragment Ion 
(oipy) "10" " ? 
SnC l 2 + 
S n C l * 














3 2 * 
Name & Structure 
















C 1 5 H 1 2 N 3 C l 3 S n 
MH N.M.R. <j,.D-.:5o,Bxt.T;~ 
CTMiiaiiHWwnaaTOaBBi 313Sw, 3060w, 2970s, 2930s, 2362s, 
2733w, 2242ra, 1640W, 1603W, 1562w/m, 
1518m, 1494w, 1460s, 1442m, shl,1427m/ 
1378m/s,1365m, s h l , 1341w, 1326w,1309w 
1260w,1225m, 1150m/s, sh, 1110m,sh, 
1098w, 1070w, s h l , 1019w/m, 920w, 890w 
875w/m, 862s , sh , 835w, 787w, 740m/s, 
7 2 5 s , s h , 690w/m, 651w/m, 4 8 4 w , s h l , 444^ 
Mass Spectrum 
Fragment Ion" 
2.09 s, b - CH2 
2.98 s, b - CH2 




»m - Ph? 
9.94 










C 6 H 4 H + 

































Name & Structure 
/ \ 
r'eO OLIe + Cl^SnCiigCI^C = U 
MeO OMe 
\ / 















Empirical Formula c 7 H 1 4 N 0 2 c i ^ s n 
I n f r a - r e d , v c r ' Hu.joi M I 11H N.M.R. ^^o^nt.-n;.^ 
2Q64m/s, 2934m/s, 2362m/s, 2249m, 
I644w/m,b,1464m/s, shl,1452m/s,1390m/s 
shl,1380m, 1298ra, 1251m, 1210m, 1192m, 
1154m, 10B2m, shl,1111m, shl,1079m/s, 
b,1030m/s, b,1025m/s, shl,979m,900w/m, 
349m/s, 304w/m, 725w/m, 690m, b, 
























fceocn - k ] + 2 
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Cl 0SnCIi^CH 0Cini + 2 d 2 
>nCl 
Cl^SnCHgCHgCNH 







Other Information 119 Sn Kossbauer, ( f i g . 5.3) 
Compound No 
5.7 
Origin Cl SnCII C]i C E K 
3 c- c 
Name & Structure 
( C l 3 S n C H 2 C H 2 C i N j ^ A l C l 3 

















I n f r a - r e d , v c r ' i i u j o i ? i u i i MH N.M.R. d ADKso,Ext.Tns" 
3350m, b,2920s, 2360s, 2304m/s,1640m/s 
1450m, b,1402m, b, 1372m, b,1242m,b, 
1142m, b,1005w/m, 905m, 830w/m, 795w/m 
730m, 550w/m, b. 
Mass Spectrum ~ 
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or base should therefore break up the chain and form monomeric 
adducts, e i t h e r by c o - o r d i n a t i v e l y s a t u r a t i n g the t i n atom by an 
e l e c t r o n donating ligand or by u t i l i z i n g the n i t r i l e lone p a i r of 
el e c t r o n s to s a t i s f y an independant e l e c t r o n acceptor l i g a n d . This 
may be monitored by observing a s h i f t i n the n i t r i l e s t r e t c h i n g 
frequency i n the i n f r a - r e d spectrum. A coordinating l i g a n d , 
by s a t i s f y i n g the Lewis a c i d i t y , causes v(C=N) to decrease r e l a t i v e to 
free n i t r i l e [23] . This i s demonstrated by the CETTC adducts as 
tabulated below. 
Table 5.7 
N i t r i l e I n f r a - r e d s t r e t c h i n g frequencies of free and coordinated n i t r i l e s 
Compound/Adduct v(C=N) cm - 1 ( a ) 
CH2 = CHC=N ( b^ 2224 ( C ) 
Cl 3SnCH 2CH 2C=N ^ 2278 
CI 3SnCH 2 CH 2 C =N. 2NI;Te3 2240 
Cl 3SnCH 2CH 2C=N. bipy 2248 
Cl 3SnCH 2CH 2C=N. phen 2242 
Cl 3SnCH 2CH 2C=EN. TuEBA 2246 
Cl 3SnCK 2CH 2C=N. Monoglyme 2249 
& 3SnCH 2CH 2C=N. A1C1 3 2304 
(a) Nujol mulls, unless otherwise s t a t e d . 
(b) i.:e. free n i t r i l e . 
( c ) l i q u i d f i l m . 
(d) N i t r i l e group u t i l i s e d i n forming coordinating polymer. 
S i m i l a r i l y , adduct formation from carboxyethyl and butyl t i n 
c h l o r i d e s , which themselves undergo intramolecular coordination [ l l , 1 2 
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may be monitored "by observing a change i n the carbonyl s t r e t c h i n g 
frequency [19] as shown i n t a b l e 5.8. 
Table 5.8 
Change i n carbonyl frequency upon adduct formation f o r c e r t a i n 
carboxy-ethyl and butyl t i n c h l o r i d e s 
Compound/Adduct v(C=0)Cm" 1 Ref. 
CH 3CH 2C0 2Me a 1738 b [24] 
0 = C 
\'JIe 
I 6 6 0 b 
1668° 
[24] 
C l 2 S n 
2 
1677 [3] 
C 1 3 S \ ^ 
0=-C 
1663° [12] 
Cl 3SnCH 2CH 2C0 2Me. bipy 1728 d [19] 
CI SnCH 2CII 2C0 2M e. phen 1725, 1735,1745 d , e* [19] 
Cl 2Sn(CK 2CH 2C0 2Me) g.bipy 1728 d [19] 
Cl 2Sn(CH 2CH 2C0 2iae) 2 phen 1720,1730,1750 d' e [19] 
Cl 3SnCH 2CH 2CH 2C0 2ltte. bipy ca 1730° [12] 
CI SnCH 2CH 2CH 2C0 2He. phen ca 1740 [12] 
( a ) i . e . free carbonyl. (b) Nujol mull. ( c ) i n CH 2C1 2 (d) KBr d i s c 
(e) proposed to be due to d i f f e r e n t conformations. 
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S i m i l a r changes i n the carbonyl s t r e t c h i n g frequency upon 
adduct formation between XgSn [(CH^^COOMe ] 2 (x = Br,CI) and bipy 
have been reported [21,221. K u i v i l a claimed that an equilibrium i s 
s e t up between pyridine and Me 2ClSn(CH 2) nCOR (n = 2 ,3 ; R = Ke.Ph) 
with a r e s u l t a n ^ i n c r e a s e i n the carbonyl s t r e t c h i n g frequency 
i n d i c a t i n g adduct formation. Subsequent s t u d i e s on Cl^Sn(Cl^) nCOOKe 
(n = 2 , 3 ) show that one molecule of pyridine may coordinate to the t i n 
atom without d i s r u p t i n g the c y c l i c i n t r a m o l e c u l a r coordination 
complex. However, the r i n g may be broken upon addition of a second 








v(C = 0 ) , cm ( i n CIL.CU) 
n = 2, R = Me 1668 
3, R = Et 1663 n 
1648 
1643 







[ 1 2 ] 
The proton n.m.r. s p e c t r a of the carboxyethyl t i n c h l o r i d e s a l s o 
support i n t r a m o l e c u l a r carbonyl coordination as the peaks a t t r i b u t a b l e 
to the methylene protons e x h i b i t a large u p f i e l d solvent e f f e c t 
upon changing from chloroform to benzene [ 25 ] . S i m i l a r e f f e c t s were 
observed f o r CETTC by running the proton n.m.r. spectrum i n dgDMSO 
and CDCl^ (table 5 .1 ) . Upon adduct formation the methylene proton 
s h i f t s are not af f e c t e d to any great exterit . Those f o r some of the 
adducts became complex m u l t i p l e t s t r u c t u r e s i n s t e a d of two t r i p l e t s . 
Some peaks were hidden under those f o r the l i g a n i s or solvent peaks. 
The s p e c t r a were run i n d^DMSO due to s o l u b i l i t y problems. 
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The DKSO may i t s e l f coordinate to the CETTC, consequently the 
methylene proton chemical s h i f t 6 should not d i f f e r l a r g e l y from 
those of CETTC i t s e l f i n dgDMSO, The remaining peaks are as 
assigned on the data t a b l e s , some were d i f f i c u l t to detect due 
to high background noise or low s e n s i t i v i t y c h i e f l y because of the 
r e s t r i c t e d s o l u b i l i t y . 
The mass s p e c t r a contain peaks representing CETTC and the 
l i g a n d s e p a r a t e l y but the adducts are too weak f o r the parent ion 
to be observed. 
The polymeric chain of CETTC i s broken upon adduct formation 
because the coordinative bonds between the ligand and the t i n atom 
are stronger than those formed by i n t e r m o l e c u l a r coordination. 
As t h i s causes the e l e c t r o n i c s t r u c t u r e around the t i n atom to be 
a l t e r e d one would expect t h i s to be displayed i n the Mossbauer s p e c t r a . 
Upon adduct formation the coordination number of the t i n atom r a i s e s 
from f i v e (coordination polymer) to s i x (adduct with bidentate l i g a n d ) . 
T h i s i s r e f l e c t e d i n the isomer s h i f t . Changes i n the quadrupole 
s p l i t t i n g are more marked as they are due to s p a t i a l arrangements 
and e l e c t r o n e g a t i v i t i e s of the groups or atoms attached. 
The parameters f o r CETTC are comparable to those f o r the carboxy 
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F i g . 5.3. Mb'ssbauer Spectra of CETTC and i t s Adducts. 
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F i g . 5.3 - continued. 
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Table 5.9 
Mossbauer Parameters f o r CETTC and r e l a t e d Carboxy D e r i v a t i v e s 
Compound Isomer S h i f t a Quadrupole S p l i t t i n g Ref. 
Cl^SnCHgCHgCSN 1.115 2.058 b 
Cl 3SnCH 2CII 2C0 2R 
R = Me 1.00 2.18 [11] 
1.08 2.04 [19] 
1.352 2.003 [25] 
E t 1.164 2.040 [25] 
Bu 1.105 1.947 [25] 
a = mm sec ; b = t h i s work. 
The quadrupole s p l i t t i n g f a c t o r s suggest t r i g o n a l bipyramidal 
geometry [25] (as proved by c r y s t a l s t r u c t u r e determinations [8,11} ) . 
Upon adduct formation the isomer s h i f t i s decreased and the 
_1 
quadrupole s p l i t t i n g v a r i e s from 1.589 to 2.317 mm sec . The 
r e s u l t s are con s i s t e n t with those f o r the carbomethoxy d e r i v a t i v e s 
( t a b l e 5 .10). 
Table 5.10 
E f f e c t on the Isomer S h i f t , . and the Quadrupole S p l i t t i n g . A . 
upon Adduct formation. 
Compound/Adduct A * Compound/Adduct S_f69j A*fi9l 
Cl 3SnCH 2CH 2C S N 1.115 2.058 Cl 3SnCH 2CH 2C0 2Me 1.08 2.04 
bipy adduct 0.852 1.685 bipy adduct 0.85 1.59 
phen adduct 0.845 1.589 phen adduct 0.93 1.65 
* mm sec 
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Adduct formation i^it h the diorganotin d i c h l o r i d e [19] leads to an 
in c r e a s e i n both parameters (table 5 .11) . 
Table 5.11 
E f f e c t on the Isomer S h i f t . S . and Quadrupole S p l i t t i n g . A „ of 
dicarbomethoxyethyltin d i c h l o r i d e upon adduct formation. 
* S = 1.50 ; A = 3.45 [11] 
S = 1.35 ; A = 3.45 [25] 
C omp ound/ Ad du c t c °1 
b. mm sec 
A . mm sec 
Cl 2Sn(CH 2CH 2C0 2Me) 2 1.45° 3.47* 
bipy adduct 1.46 3.93 
phen adduct 1.50 3.93 
I n t h i s case both the organotin compound and the adducts'ftaaned 
are a l l s i x coordinate (octahedral geometry). One would therefore 
expect l i t t l e change i n the Mossbauer parameters, S i n p a r t i c u l a r . 
However, f o r mono-organotin c h l o r i d e s , adduct formation causes a 
change i n coordination number from f i v e to s i x and the geometry from 
t r i g o n a l bipyrimidal to octahedral. The parameters i n table 5.11 
correspond to octahedral complexes with t r a n s - RgSn groups which 
agree with p r e d i c t i o n s of a quadrupole s p l i t t i n g value of approximately 
4 mm sec ^ from point charge c a l c u l a t i o n s [26,27] . Mossbauer 
spectroscopy may therefore be used to e s t a b l i s h the stereochemistry 
of organotin compounds. Sel e c t e d examples are given i n table 5.12 
and the Mossbauer s p e c t r a of the complexes of organotin h a l i d e s have 
been l i s t e d i n a review a r t i c l e by P.J.Smith [28] . 
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Table 5.12 
Mossbauer Parameters f o r Organotin Adducts 
Adduct c -1 b. mm sec A . mm sec ^ Stereochemistry Ref. 
M e 2SnCl 2 0bipy 1.35 4 o 02 trans [29] 
MegSnClg.phen 1.32 4.03 trans [29] 
Bu-gSnClg.bipy 1.56 3.83 trans [30] 
Bu 2SnCl 2„phen 1.69 4.07 trans [30] 
Ph 2SnCl 2.bipy 1.35 3.90 trans [27] 
Ph 2SnCl 2.phen 1.28 3.70 trans [27] 
Me 2Sn.ox±n 2 0.88 1.98 c i s [31] 
Ph 2Sn.oxin 2 0.83 1.78 c i s [27] 
PhgSn.oxin 2 0.74 2.14 c i s [27] 
By comparison, therefore, the adducts of CETTC are c i s octahedral 
isomers. 
5.4 TSCHANISTIC STUDIES 
S e v e r a l experiments were conducted i n order to obtain mechanistic 
information on the formation of GETTC. 
5.4.1 Experimental 
5.4.1.1 The hydrochlorination of a c r y l n n i t r i l e i n d i e t h y l ether 
Hydrogen chlor i d e was bubbled i n t o a s o l u t i o n of a c r y l o n i t r i l e 
(8 mis, 122 mmoles) i n d i e t h y l e t h e r (25 mis) at 0°C f o r one hour. 
Removal of ether i n vacuo y i e l d e d 2— c h l o r o p r o p i o n i t r i l e ( i d e n t i f i e d by 
comparison with the i n f r a - r e d spectrum of an authentic sample) 
Et 20,0°C, l h r 
i . e . HC1 + CH 2 = CHC=N > C1CH2CH2C = N (5.4) 
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504.1.2. The r e a c t i o n between 2 - c h l o r o p r o p i o n i t r i l e and t i n 
d i c h l o r i d e 
2 - c h l o r o p r o p i o n i t r i l e (2 . 6 3 1 g , 2 094 mmoles) was added to 
anhydrous tir/di chloride (5 .30g, 2.7 mmoles) d i s s o l v e d i n 
anhydrous acetone (100 m i s ) . A f t e r r e f l u x i n g f o r 72 hours the 
pale yellow s o l u t i o n was reduced i n volume to give the 
s t a r t i n g m a t e r i a l s . S i m i l a r r e s u l t s were obtained i n the 
presence of ether. 
i . e . S n C l 2 + C1CH2CH2CN X > Cl^nCHgCHgCN. (5 .5) 
5.4.1.3. Preparation of the t i n t e t r a c h l o r i d e adduct of 
a c r y l o n i t r i l e 
T i n t e t r a c h l o r i d e ( 2 . 0 mis, 17 mmoles) was added to an excess 
of a c r y l o n i t r i l e (30 m i s ) . The adduct (5.B) v/as i s o l a t e d by 
evaporation of the solvent by drawing a stream of nitrogen over 
i t s s u rface. 
2CII = CHC*sK + SnCl 
5.4.1.4 The rea c t i o n between the t i n t e t r a c h l o r i d e adduct of 
a c r y l o n i t r i l e and hydrogen chloride 
The above adduct was prepared i n toluene and hydrogen c h l o r i d e was 
passed into the s o l u t i o n at 0°C. A f t e r 15 minutes the s o l u t i o n 
turned pale y e l l o - " and then cloudy. The s o l i d was i s o l a t e d by 
f i l t r a t i o n , a small sample of which was r e c r y s t a l l i s e d i n toluene. 
(Compound 5 .9) 
CH =CHCN 
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5.4.1.5. Hydrostannation of the t i n t e t r a c h l o r i d e adduct of 
a c r y l o n i t r i l e . 
( CII 2=CIlCl0 2.SnC!l 4, made from a c r y l o n i t r i l e (5.85 mis, 
88,9 mmoles) and t i n t e t r a c h l o r i d e (5.2 mis, 44.8 mmoles), was 
added to et h e r e a l t r i c h l o r o s t a n n a t e (17.0282g, 89.6 mmoles) to 
y i e l d a white s o l i d (compound 5.10) a f t e r the removal of the 
v o l a t i l e components by evaporation. 
5.4.1.6. Ray i n i t i a t e d hydrostannation of a c r y l o n i t r i l e 
A c r y l o n i t r i l e (5.0 mis, 76.0 mmoles) was added to e t h e r e a l 
trichlorostannane (51.0 mmoles) i n a shlenk tube and exposed to 
$ i r r a d i a t i o n (^°Co source) f o r 153 hours under a blanket of 
dry nitrogen to produce an extremely hard white substance. The 
only solvent which could penetrate i t was DKSO, and upon attempted 
removal of excess solvent y i e l d e d an i n t r a c t a b l e gelatinous 
gum. ( 5.11). 
I n f r a - r e d spectrum, v. cm \ contact f i l m . 
3240m/s,shl, 2960s, 2908s, 2850s, 2700m,shl, 2950m,shl, 2440w/m, 
2304w/m, 2244m/s, I660m/s,b, 1575m/s,b, 1420s,b, 1310s,b, 1240m/s,b, 
1025s,b, 935s,b, 725m/s,shl, 696m/s,b, 670m/s,b, 542w/m,shl, 450m/s,b, 
384m/s,b. 
5.4.2 D i s c u s s i o n of R e s u l t s 
The f i r s t two experiments (5.4.1.1. and 5.4.1.2) were conducted 
to determine whether CETTC could be prepared i n a stepwise manner 
without the need f o r preparing the tri c h l o r o s t a n n a n e intermediate. 
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CH 2 = CHCN 
HC1 
+ C1CH2CH2CH 
S n C l 2 
* Cl 3SnCH 2CH 2CN (5.7) 
Et„0 Et„0 
Experimentally, the f i r s t stage occurs but i n s e r t i o n of t i n 
c h l o r i d e i n t o the carbon c h l o r i n e bond i s not p o s s i b l e . T h i s i s 
c o n s i s t e n t with the l a c k of r e a c t i o n between t i n d i c h l o r i d e and 
The r e a c t i o n s i n v o l v i n g t i n ( I V ) c h l o r i d e were performed to 
show that i f they u l t i m a t e l y succeeded i n producing GETTC then i t s 
preparation by the hydrostannation of a c r y l o n i t r i l e may i n v o l v e 
a t i n (IV) c h l o r i d e adduct. This would seem f e a s i b l e as on 
s e v e r a l occasions when hydrostannating a c r y l o n i t r i l e a p r e c i p i t a t e was 
formed i n i t i a l l y , the nature of which has not been determined. 
This r e d i s s o l v e d w i t h i n two hours. The amount of hydrogen chlor i d e 
used during the preparation of the e t h e r e a l t r i c h l o r o s t a n n a n e 
appeared to be important. Addition of hydrogen chloride to the 
p r e c i p i t a t e a c c e l e r a t e s i t s rate of disappearance. I f hydrogen 
chlori d e i s added i n excess to the e t h e r e a l t r i c h l o r o s t a n n a n e 
no p r e c i p i t a t e forms; suggestions f o r p o s s i b l e intermediates, 
which could e a s i l y be involved, were discussed i n connection with the 
Stephen r e a c t i o n i n the previous chapter. F a i l u r e to form such an 
ether i n s o l u b l e p r e c i p i t a t e was taken to i n d i c a t e that the n i t r i l e 
would not undergo the Stephen r e a c t i o n u n t i l L i e b e r proved otherwise [ 
Hydrochlorination of the t i n ( I V ) c h l o r i d e adduct of a c r y l o n i t r i l e 
5.8 was performed i n an attempt to f o l l o w scheme 5.1. 
2-chloromethyl propionate [32]. 
S n C l 2 + ClCH 2CH 2C0 2Me — ^ — > Cl^SnCHgCHgCOglle (5.8) 
[33]. 
2CH =CHC==N + SnCl. > (C1I = CHC=~N)_.SnCl. 
2 4 2 2 4 
(5.8) 
(CH = CHC =-N) 0SnCl + HC1 » (ClCH 0CH 0CSN) 0„SnCl J 1 
2 2 4 2 2 <d 4 
HC1, SnCl or 
( ClCH 2CH 2C=N) 2.SnCl 4 » Cl^nCHgCHgC^N 
or 
rearrangement 
HC1, S n C l 2 
-> (CI,SnCH 0CH_C SN) _. SnCl. 3 2 2 2 4 
Scheme 5.1 
However addition of hydrogen c h l o r i d e to the a c r y l o n t r i l e 
adduct (5 .8 ) yielded a product (5.9) which was d i f f i c u l t to 
i d e n t i f y . This i s hardly s u r p r i s i n g when one considers the 
complexity of the h y d r o c h l o r i n a t i o n r e a c t i o n of n i t r i l e s themselves 
[34 - 3sJ, The i n f r a - r e d and N.I.'.R. s p e c t r a give evidence f o r 
s a t u r a t i o n of the alkene bond. The i n f r a - r e d spectrum shows 
that the n i t r i l e group has been converted to an azomethine group 
by the l o s s of v(C=N) (2273-2222) and appearance of v(C=N) (1689-
1471) [39]. The h y d r o c h l o r i n a t i o n of n i t r i l e s has been discussed 
i n the previous chapter and s i m i l a r i l y the n i t r i l e group has most 
probably been converted i n t o an imine or iminium c h l o r i d e . The 
elemental a n a l y s i s , which f i t s c l o s e s t to a d d i t i o n of two molecules 
hydrogen c h l o r i d e per molecule of the adduct, suggests t h a t , more 
than simple addition across the alkene bond has occurred. 
The mass spectrum gives evidence f o r p o s s i b l e d i m e r i s a t i o n of 
a c r y l o n t r i l e which i s c o n s i s t a n t with the observations f o r the 
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saturated n i t r i l e s (chapter 4 ) . I t a l s o contains peaks f o r t i n 
t e t r a c h l o r i d e and i t s breakdown, implying that the t i n t e t r a c h l o r i d e 
u n i t has remained i n t a c t i n the r e a c t i o n . However, peaks at higher 
m/e values imply that the tric h l o r o s t a n n a n e u n i t may be attached to an 
organic group or a l t e r n a t i v e l y (and l e s s l i k e l y ) recombination of ions 
or ions and molecules may occur w i t h i n the spectrometer. These high mass 
peaks are at m/e values of 3 2 2 , 304 and 2 6 9 , the sequence of which i s 
due to l o s s of fragments of m/e 18 and 35 which could represent l o s s 
of water and c h l o r i n e r e s p e c t i v e l y . The mass spectrum does not give 
conclusive evidence f o r the presence of carbon-chlorine bonds although 
a peak i s observed i n the c o r r e c t region of the i n f r a - r e d spectrum 
( 8 5 0 - 5 5 0 c m _ 1 ) [ 3 9 ] . 
Hydrostannation of the a c r y l o n i t r i l e adduct ( 5 . 8 ) was conducted to 
see i f coordination of a c r y l o n i t r i l e to t i n ( I V ) c h l o r i d e ( v i a the 
lone p a i r of e l e c t r o n s on the n i t r i l e ) might i n a c t i v a t e the n i t r i l e 
f u n c t i o n a l group, and render the l,igand more s u s c e p t i b l e towards 
the formation of the CETTC adduct, subsequently forming CETTC, i n 
po s s i b l y higher y i e l d that simply from the hydrostannation of 
a c r y l o n i t r i l e . 
HSnCl .xEt 20 
(Ch T 2= CHCN) 2 #SnCl 4 » (Cl^SnCHgCHgCNjg.SnC^ 
I 
Cl 3SnCH 2CH 2CN ( 5 . 9 ) 
Unfortunately the r e a c t i o n i s complicated by the presence of excess 
hydrogen c h l o r i d e i n the e t h e r e a l t r i c h l o r o s t a n n a n e . Hence the 
nature of the f i n a l product ( 5 . 1 0 ) c l o s e l y resembles that of 5,9. 
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Therefore equation (5.9) i s not a pr a c t i c a b l e preparation of CETTC. 
that 
One may therefore conclude|it i s u n l i k e l y that the hydrostannation 
of a c r y l o n i t r i l e by ethereal trichlorostannane proceeds via a t i n 
(IV) chloride adduct. 
A p r e l i m i n a r y i n v e s t i g a t i o n i n t o the attempted preparation of 
CETTC under the influence of % i r r a d i a t i o n was performed to determine 
whether the mechanism f o r the formation of CETTC i s f r e e r a d i c a l i n 
nature. As the product c l e a r l y was not CETTC then an a l t e r n a t i v e 
mechanism must apply. By comparison the hydrostannation of 
a c r y l o n i t r i l e by organotin hydrides (R^SnH) under free r a d i c a l 
conditions ( u . v . l i g h t , AIBN ) , leads predominantly to the f> product 
[40] . AIBN was not used as a r a d i c a l i n i t i a t o r f o r the reactions 
i n v o l v i n g ethereal trichlorostannane as i t would r e q u i r e heating 
and as the CH2='CHCN/HCl/SnCl2 system i s somewhat thermally unstable 
t h i s would be inadvisable. The actual r e a c t i o n c a r r i e d out was 
performed at room temperature. Care was taken to avoid excess ether 
and a c r y l o n i t r i l e which would both contribute to polymerisation under 
the r e a c t i o n conditions. No pure products were i s o l a t e d from the 
crude r e a c t i o n mixture. The i n f r a - r e d spectrum gave evidence f o r 
the presence of cyanide f u n c t i o n a l group(s) by peaks at 2304 and. . 
2244 cm 1 (compared to 2224 cm - 1 f o r a c r y l o n i t r i l e ) . The end product 
is probably a polymer of a c r y l o n i t r i l e w i t h some ether and some 
t i n - and c h l o r i n e - containing groups incorporated i n the s t r u c t u r e . 
Polymerisation of a c r y l o n i t r i l e has been studied extensively [41] and 
i t has been reported that i t w i l l occur by a If ray induced method i n 
the presence of t i n ( I I ) c hloride. [41a] 
The most probable mechanism i s therefore one of e l e c t r o p h i l i c 
attack by the proton of the ethereal trichlorostannane, proceeding 
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v i a the most stable carbocation, followed by a d d i t i o n of the 
t r i c h l o r o s t a n n a t e anion and tautomerism to give CETTC [ l j (scheme 5.2) 
Et2OH SnCl 3 + CH 2=CHC«N "* H 9 ? ~ C H ~ " C = N H * + E t 2 ° + S n C 1 3 
Cl,Sn + H nC—CH—C=NH h CI_SnCH0CH — C =NH 
3 2 » v 3 2 
CI -SnCH0CH0CSK 3 ^ ^ 
* Resonance s t a b i l i s e d 
delocalised system. Scheme 5.2 
The hydrostannation of a c r y o n i t r i l e by organotin hydrides, 
R-SnH, has been studied extensively [40, 42-49] . Polar solutions 
J the 
lead to the «< adduct w h i l s t ^ p adduct i s formed under r a d i c a l 
conditions [40] according to scheme 5.3. 
Polar 
Conditions 
H2C = CHC = N 
> 
R3SnH 








5.5 INVESTIGATIONS IHTO ALTERNATIVE PRODUCTS FROM THE HYDROS T ANN AT I OH 
OF ACRYL02HTRILE. INCLUDING THE ANALOGOUS 3R0T.IINE SYSTEM* 
5.5.1 The hydrostannation of a c r y l o n i t r i l e appears to be very 
s e n s i t i v e to experimental conditions. The method reported i n the f i r s t 
s e ction i s that most conducive t o formation of CETTC. An increase 
i n temperature or the presence of moisture s e r i o u s l y impedes the 
reac t i o n and leads to the formation of 2 - c h l o r o p r o p i o n i t r i l e and 
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i n t r a c t a b l e polymeric gums. Hutton and Oakes, [50] i n a report on 
the p o t e n t i a l of hydrostannation by ethereal trichlorostannane, 
state that the upper temperature l i m i t i s governed by the r e f l u x 
temperature of the solvent or compound undergoing hydrostannation, 
or by polymerisation s t a r t i n g to occur. I n some cases the degree 
of polymerisation or ease of side reactions, such as h y d r o c h l o r i n a t i o n , 
i s so high that the species i s classed as urireactive towards ethereal 
trichlorostannane. The d i f f i c u l t i e s encountered w i t h a c r y l o n i t r i l e 
may e r p l a i n why i t s hydrostannation by ethereal trichlorostannane 
i s absent to date from the l i t e r a t u r e . 
5.5.2 Experimental 
Hydrostannatian of A c r y l o n i t r i l e w i t h lilinor Experimental A l t e r a t i o n s 
5.5.2.1. A c r y l o n i t r i l e (12.6 mis, 191.5 mmoles) was added to 
ethereal trichlorostannane (41.5 mmoles), without removal of the 
upper ethereal l a y e r , and s t i r r e d f o r 48 hours at room temperature 
to give a pale yellow s o l u t i o n . D i s t i l l a t i o n at reduced pressure gave 
2 - c h l o r o p r o p i o n i t r i l e (3.0 mis) leaving a yellow o i l which was refluxed 
i n toluene (40 mis) f o r 30 minutes, during which an orange o i l was 
formed. The hot l i q u o r s were removed and upon cooling a few c r y s t a l s 
(compound 5.12) appeared (0.41g). The orange o i l s o l i d i f i e d to an 
i n t r a c t a b l e gum. 
5.5.2.2. A c r y l o n i t r i l e (12.8 mis, 194.5 mmoles) was added to ethereal 
trichlorostannane (55.9 mmoles), without removal of the ethereal l a y e r , 
to give a white p r e c i p i t a t e (see previous section) which disappeared 
w i t h i n 15 minutes. A f t e r 48 hours s t i r r i n g at room temperature the 
yellow l i q u i d was d i s t i l l e d g e n t l y to give hydrogen chlor i d e , ether 
and 2 - c h l o r o p r o p i o n i t r i l e l eaving a concentrated s o l u t i o n of the t i n -




Origin CH2= CMC 5 N + JlSnCl. 
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N 4.6 
Sn 
Cl 35.2 35.7 
Empirical Formula c3H6Nci3sn 
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3410m, 3330m, 3260m, 2 9 5 0 s , 2 9 2 0 s , 
2°.50s, 2725w, 1650s, 1600W, 1562m,-
1455s, 1410w, 1392w, 1375m, 1362m, 
1290w/m, 1242w/m, 1120m, 10°2w, 1020w, 
1.27 









C I I 2 
NH2 
S45w, 730m, 720m, 672w/m,6l2w. 
Mass Spectrum 
m/e Fragment Ion 1 m/e Fraq men! Ion I 
36 HC1 + 100 163 [Sn + 7 . 6 
44 (CH 2) 2T-:]; 2 +;C(NI; 2) 2 4 100 190 SnCl + 
c. 
11 
or CO'll^ 225 SnCl + 3 6.8 
53 C2H3CN+ 100 233 [SnCl 2 + 43 ] + 6.7 
71 (CH 2) 2CKHNI! 2 + 31 260 SnCl + 4 15 
83 (CH 2 ) 4 C l f f l + 16 272 ? 3.4 
97 [83 + CK2 or H ] + 15 336 [SnCl 3 + 111]
 + 3 .5 
111 [(CjI,J CNH)„ + K] + 33.1 
120 Sn + 12.7 
155 3nCl + 25 
Other Information 
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hours to give c r y s t a l s of CETTC ( i d e n t i f i e d by comparison of i t s 
spectra w i t h tnose of an authentic sample) (4.51g, 29£>) from the 
hot l i q u o r s , along w i t h a s t i c k y orange s o l i d which was pumped dry on 
the vacuum l i n e and then characterised (compound 5.13). 
5.5.2.3. Hydrolysis of CETTC 
( i ) A sample of CETTC was exposed to the atmosphere f o r 15 minutes 
and i t s i n f r a - r e d spectrum was then recorded. 
I n f r a - r e d spectrum, v cm , KBr disc 
3600-3000m,b, 2248m,b, I6l0m,b, 1554m,shl 1405m, 1290m, 1239m,shl, 
1l60w/m, 1132m, 1004m/s, 884m, 724m, 663m/s, 6l8w,b, 525w/,b, 
445m/s, 374w/m. 
( i i ) CETTC (2.47g, 83 mmoles) was dissolved i n water (75 mis) and 
refluxed gently f o r 72 hours to form a white p r e c i p i t a t e , which was 
f i l t e r e d , washed w i t h cold water, and dr i e d i n vacuo to give compound 
5.14, the data f o r which are given overpage. 
5.5.2.4 Bromine (2.5 mis) i n toluene (20 mis) was added to 
compound 5.14 (0.33g) i n toluene (20 mis) and s t i r r e d vigorously 
at room temperature f o r 3£ days, over which the deep red colour of 
the bromination mixture turned t o a clear red/orange colour. 
This was refluxed f o r 2 hours and then d i s t i l l e d to give toluene and 
unreacted bromine leaving a dark coloured fuming luquid (compound 5.15) 
I n f r a - r e d spectrum of compound 5.15. v cm ^, contact f i l m 
3400-3100m,b, 3085m, 3055m, 3025m/s,2965m, 2915m, 1714s, 1600m, 1490m/s 
1450m/s, 1332w, 1262m/s, 1230s, 1202m, 1072m/s, 1031m, 1013w/m, 940w/m, 
918m, 814m/s, 807m/s,shl, 792m, 760m/s, 748m/s, 733s, 699s, 607s, 
547m, 480m, 467m, 
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Compound No. 
5 . 1 3 
Origin = CHC = K 
Name & Structure 



















MH N.M.R. Infra-red, v cm"1 K3r disc 
3500-3000m, b, 1600s, b, 1530m, s h l , 
1394m, 1230m, b, 1190m, b, 1106m, 
1021w/m, b, 974w, S90vw, 725m, 697m, 
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5 . 1 4 
Origin Cl SnCII2CH2C5 ¥. i 1 n 
Name g Structure 
















| d 2 9 5 
ClSn(OH)2CH2CH2C02H 
1 3 . 8 
2.7 
0„0 
4 5 . 4 
1 3 . 6 
Infra-red, v cm"1 Nu.ioi s u i i ( f i g 5 . 5 ] 1 H N . M . R : - d ^ Q . I n t ™ 3 ( f i p . 5 ) 
3620w/m, 3520w/m, b,3345m, 3144w/m,b, 
2 S 1 4 s , 2860s, I6l4m/s, 1 5 7 3 s , 1 5 2 3 s , 
1458m, 1 4 2 7 s , 13B5m/s, 1260s, 1231m, 
1130m, 1058m, 1030m, 977m/s, 903m/s, 
752m, 713m/s, 617m, 573m, 565w/m,540w/m 
519m, 430m, 394m, shl,370m, s h l . 
Mass Spectrum 
Fragment Ion" 
1 . 4 1 
2 . 2 7 
1 . 1 3 
2 . 4 9 
3 . 3 3 
d? 
8 . 6 







H O i r l 
DHSO 
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C0IJH3 ,C02K 
(CH 0) C0+, 
" C CH 2CII 2C = ITH; 













SnClt [on(OH) 2 + Ft] + 
3nCl 2, [3n(0H) 2 + II] + 
or 
[SnCH2CH2GONH2- 2Ii] 
[SnCl + 4 4 ] + or 






[Cl Sn(OK) + 2H] 
or 
[ClSnCHoC]UC0;.TII„-2H] 2 c d. * 
Other Information 
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5.5.3 Discussion of Results 
For a maximum y i e l d of CETTC care must be taken not to overheat 
the r e a c t i o n mixture. The organotin species 5.12 i s formed as a 
r e s u l t of a thermally i n i t i a t e d side r e a c t i o n . The elemental analysis 
f i t s most closely f o r the amide, Cl^SnCHgCR^CONIh^, which could 
e a s i l y be formed i f there were any moisture i n the system. The i n f r a -
red spectrum gives no evidence f o r the n i t r i l e group, but instead 
has peaks at 1650 and 1600 cm which may be a t t r i b u t e d to 
v(C=N), v(C=C) or v(C=rO). For comparison Cl 2Sn(CH 2CH 2CNH 2) 2 
has a carbonyl s t r e t c h i n g frequency of 1651 cm [ l l ] . The f o l l o w i n g 
v i b r a t i o n s are also evident from the spectrum; v(N-K), 3410, 3330, 
3260; S NH2, 1410; Slffi 2 and v(C-Cl), 730,720,672 and v(Sn-Cl) 612. 
The proton n.m.r. spectrum shows that the alkene bond has been 
saturated by the presence of peaks a t t r i b u t a b l e to methylene, rather 
than o l e f i n i c , protons. The a d d i t i o n a l peak at 8.80 ppra i s most 
probably due to proton(s) attached to the n i t r o g e n atom, f o r 
example i n an amide or azomethine f u n c t i o n a l group. The highest peak 
on the mass spectrum (m/e 336) i s assignable to a species containing 
a trichlorostannane u n i t along w i t h two a c r y l o n i t r i l e molecules or an 
a c r y l o n i t r i l e diner. This opens up the p o s s i b i l i t y that the compound 
could i n v o l v e dimerisation of the n i t r i l e as suggested f o r the 
compounds i n the previous chapter. The major peaks f o r Cl^SnCHgCl^COI'TH,, 
are not present. However, there are peaks f o r SnCl (x=0-4); SnCl. + 
X *t 
probably being a r e s u l t of recombination of ions w i t h i n the spectrometer, 
and due to a c r y l o n i t r i l e and i t s dimer w i t h t h e i r break down. I t i s 
also apparent that the t i n atom i s attached to organic groups due 
to peaks at m/e 163, 233 and 272 as assigned i n the data table 
(page 195 ) . 
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Compound 5.12 i s therefore not simply Cl^SnCh^CR^CONl^, but i s 
more l i k e l y to be a complicated species formed as a r e s u l t of the 
complexity of ethereal trichlorostannane and the ease of loss of 
hydrogen chloride (thermally a s s i s t e d ) , Unforseen moisture may also 
contribute t o the formation of a complex species. 
I n each case where heat was applied to the system 2 - c h l o r o p r o p i o n i t r i l e 
was produced as a side product (established by comparison of the 
i n f r a - r e d spectrum and g.l.c. trace w i t h those of an authentic 
sample). The most favourable method of CETTC formation ( s e c t i o n 5.2), 
i n which no heating of the crude r e a c t i o n mixture i s involved, does 
not y i e l d any 2 - c h l o r o p r o p i o n i t r i l e . On the occasions when i t i s 
formed as a side product i t i s accompanied by the formation of a s t i c k y 
orange s o l i d and consequently the y i e l d of CETTC i s decreased, often 
quite d r a s t i c a l l y . The e f f e c t of heating i s probably to expel 
hydrogen ch l o r i d e from the reaction product. The former can then 
react w i t h excess a c r y l o n i t r i l e t o form 2 - c h l o r o p r o p i o n i t r i l e as a 
side product. This leaves an organotin component d e f i c i e n t i n 
chlo r i n e , w i t h a vacant coordination s i t e on the t i n atom av a i l a b l e 
f o r bonding w i t h another cyanoethyl group or f o r undergoing 
polymerisation (scheme 5.4). 
H3nCl 3 + CH2 = CHCSN 
(excess) 
+ Cl3SnCK2CH2C=N 
IC1, +CH CHC=N 
C1CH„CH„C = N 2 
Scheme 5.4 
ORGANOTIN POLYKER 
( d e f i c i e n t i n Cl) 
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The elemental analyses f o r t h i s compound show tha t the carbon t o 
chlorine r a t i o i s 6:5, suggesting a loss of one chlorine atom 
f o r every two CETTC molecules. I n f r a - r e d studies show t h a t the 
n i t r i l e group has disappeared but peaks at 1600 and 156O suggest 
tnat i t may have been replaced by an azomethine or carbonyl (amide) 
group. [393 • There i s a possible (C-N) s t r e t c h i n g frequency at 
1396 cm The intense peaks at low frequencies (401, 310 and 
290 cm""1") are due to Sn-Cl s t r e t c h i n g . The mass spectrum suggests 
t-hat the SnCl^ group s t i l l remains, (at l e a s t i n enough molecules t o 
be observed by the mass spectrometer), even though loss of hydrogen 
chloride seems to be the route to t h i s side product. There are also 
peaks a t t r i b u t a b l e to one or two molecules of a c r y l o n i t r i l e 
attached to the t i n residue. The highest mass peak i s at an m/e 
value of 394 and therefore shows tha t the product may not be 
polymeric when dried out. 
One of the reasons f o r the hydrolysis experiments was to f i n d out 
whether compounds 5.12 and 5.13 are formed as a r e s u l t of the 
hydrolysis of CETTC (due to moisture i n the system) which i t s e l f 
may a c t u a l l y have been prepared but subsequently reacted completely. 
As the data f o r compound 5.14 are d i f f e r e n t from those of compounds 
5.12 and 5.13, unwanted h y d r o l y t i c side reactions have not l e d t o 
the l a t t e r compounds, leaving the theory i n v o l v i n g thermal assistance 
s t i l l v i a b l e . 
K i l d hydrolysis by the atmosphere was monitored by i n f r a - r e d 
spectroscopy. Two important changes occur i n the i n f r a - r e d spectrum. 
F i r s t l y , the cyanide s t r e t c h i n g frequency i s reduced, which i s obviously 
due to the polymeric chain of CETTC being broken t o free the n i t r i l e 
group. Secondly, the region above 3000 cm"1 now contains a broad peak 
due to 0-H s t r e t c h i n g , as a r e s u l t of some or a l l of the c h l o r i n e 
atoms being replaced by hydroxy groups or because of coordinated 
water molecules. 
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S l i g h t l y more f o r c i n g conditions, i . e . r e f l u x i n g i n water, 
le d to a more complex product, both ends of the molecule being 
where R i s CONH^ , COOH or CH0„ However, even though the spectra 
suggest that the product could be an amide, repeated n i t r o g e n 
analysis shows t h a t compound 5.14 contains no ni t r o g e n . Possible 
compounds whereby only one chlorine atom has been replaced would 
requi r e a much higher chlorine content so are not f e a s i b l e . 
The i n f r a - r e d spectrum does not contain a peak i n the n i t r i l e 
s t r e t c h i n g r egion (2300-2200 cm - 1). The n i t r i l e group appears t o 
have been converted i n t o an amide as there are peaks i n the correct 
regions f o r amides (v(N-H) 3520-3400; v(C=0) 1680-1630); 
S (N-K) 1655-1515; v(C-N) 1400 and N-H out of plane wagging 
800-666 cm - 1) although the carbonyl s t r e t c h i n g frequency i s 
r a t h e r low. However, due to the lack of support from the elemental 
analysis the CETTC could have been converted i n t o an aldehyde or a 
carboxylic a c i d , but again the carbonyl s t r e t c h i n g frequency i s too 
low. There i s no aldehydic carbon hydrogen s t r e t c h i n g . Carboxylic 
acids e x h i b i t a broad 0-H peak but the peaks above 3000 cm 1 f o r 
compound 5.14 are a l l r e l a t i v e l y sharp ( f i g . 5.5). I n a d d i t i o n there 
i s no low f i e l d peak i s the n.m.r. spectrum a t t r i b u t a b l e to e i t h e r an 
aldehyde or carboxylic acid proton. This could be overcome i f the 
product i s a carboxylate or a ketone, such as Cl__ (OH) SnCH_CH„L C=0. 
However the l a t t e r p o s s i b i l i t y i s excluded on the grounds of the 
elemental a n a l y s i s . The n.m.r. spectrum ( f i g . 5.5) consists of 
two m u l t i p l e t s at 1.41 and 2.27 ppm due to complex s p l i t t i n g 
i n t e r a c t i o n s of the methylene protons i n t h e i r new environment, 
possibly a f f e c t e d by any nearby OH group attached to the t i n atom. 
The two highest i n t e n s i t y peaks i n these m u l t i p l e t s correspond to an 
af f e c t e d . The data imply t h a t i t i s most probably Cl(OH^nCHgCHgR 
Cl 
i 
4000 3500 3000 2500 2000 1800 1600 600 400 U00 1200 1000 800 
( i i 
TMS 
1 ppm 
Fig. 5 . 5 ( i ) The i n f r a - r e d (Nujol mull) and ( i i ) H. n.m.r. spectra 
of the hydrolysis product of CETTC. 
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u p f i e l d s h i f t compared to CETTC and the s p l i t t i n g value has been 
v i r t u a l l y unaffected; 8 . 5 to 8.6 Hz. An u p f i e l d s h i f t implies 
an increase of el e c t r o n density around the proton, hence the rest of 
the molecule must e f f e c t i v e l y be less electronegative. There i s 
an a d d i t i o n a l s i n g l e t at 3 . 3 ppm which may be assigned to a hydroxy 
proton ( o r attached water molecule). A l t e r n a t i v e l y i t could be due 
to water i n the DKSO. The s i m p l i c i t y of the n.m.r. spectrum 
implies t h a t the compound i s pure. 
The mass spectrum has peaks a t t r i b u t a b l e to the amide f u n c t i o n a l 
group as i l l u s t r a t e d on the data sheet f o r t h i s compound. For the t i n 
containing peaks i t i s d i f f i c u l t to d i s t i n g u i s h whether a chlorine 
atom (mass 3 5 ) or two hydroxy groups ( t o t a l mass 3 4 ) are attached. 
However the problem i s overcome w i t h the aid of computer simulations, 
due to the r e l a t i v e isotope i n t e n s i t i e s of t i n ( f i g . 4 . 3 , page 14-6), 
and c h l o r i n e , and gives evidence f o r both t i n - c h l o r i n e and t i n 
hydroxy groups. 
W i t r i l e s are e a s i l y hydrolysed t o amides and f o r t h i s p a r t i c u l a r 
case h y d r o l y s i s of the n i t r i l e group may be accelerated by any 
hydrogen c h l o r i d e being evolved from the t i n end of the molecule. 
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Sn n.m.r. and I'ossbauer studies of the hyd r o l y s i s of monoalkyltin 
halides [51J led to comparable r e s u l t s , t o those discussed above, 
f o r the t i n end of the molecule. 
i . e . :;eSnCl_ + I I o 0 » Me3n(0Ii)Cl„. 251o0 + Lie (OH) „ClSn.nHo0 + 
[l.!eSn(o:i ) ^ 2 0 ) 4 ] 2 + . ( 5 . 1 0 ) 
I n the Stephen rea c t i o n hydrogen chloride and t i n d i c h l o r i d e are 
added to a n i t r i l e and the subsequent mixture i s hydrolysed t o give 
an aldehyde or amide [ 3 3 , 52 - 5 5 ] . The hydrolysis of CETTC i s 
e f f e c t i v e l y the l a s t stage of the Stephen r e a c t i o n on a c r y l o n i t r i l e . 
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By comparison one would e:pect to obtain an organotin amide or 
aldehyde i f the compound remained i n t a c t or a separate organotin 
compound w i t h the aldehyde or amide i n s o l u t i o n . No organic 
products were obtained from the s o l u t i o n a f t e r removal of compound 
5.14 by f i l t r a t i o n . 
F i n a l l y , a longer period of r e f l u x i n g , or more f o r c i n g 
conditions, such as acid or base c a t a l y s i s may remove a l l of the 
chlorine from the CETTC during i t s h y d r o l y s i s . 
L'romination of the hydr o l y s i s product of CETTC 5.15 was performed 
to separate the organic and inorganic halves of compound 5.14 which 
could then be characterised and i d e n t i f i e d separately. 
H„0 
i . e . Cl3SnCK2CH2C = N > Cl (OII^SnCHgCHgX 
X = CHO, C0NH2 or COOH Br 2 ( 5 . H ) 
C l , (OH) SnBr + BrCH0CH0X 3-n n 2 2 
The i n f r a - r e d of the product obtained, 5.15 s t r o n g l y suggests 
that i t , and therefore compound 5.14, i s a carbo:.ylic acid by the 
presence of a strong peak at 1714 cm 1 (v(C = 0) ) and also peaks at 
1450 ( h (C-O-H) i n plane), 1230 (v(C-O) ) and 913 ( S(O-H) out of 
plane). No f u r t h e r c h a r a c t e r i s a t i o n was ca r r i e d out as the product needed 
f u r t h e r p u r i f i c a t i o n possibly v i a an improved i s o l a t i o n procedure. 
I n the previous chapter the hydrostannation of 2 - chl o r o p r o p i o n i t r i l e 
i t s 
was i n v e s t i g a t e d . Comparison of j^hydrostannation product w i t h 
compounds 5.12 and 5.13 shows that the l a t t e r are not formed v i a 
hy d r o c h l o r i n a t i o n of a c r y l o n i t r i l e to give 2 - c h l o r o p r o p i o n i t r i l e 
which subsequently undergoes hydrostannation. 
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5.5.4 Hydrostannation of A c r y l o n i t r i l e by Hydrogen Bromide 
and Tin ( I I ) Bromide 
5.5.4.1. I n t r o d u c t i o n 
By analogy to the hydrostannation of a c r y l o n i t r i l e by ethereal 
trichlorostannane, 2-cyanoethyltin tribromide (CETTB) should be 
preparable from hydrogen bromide, stannous bromide and a c r y l o n i t r i l e 
i n d i e t h y l ether. 
KBr + SnBr > HSnBr_.hEt?0 > Br SnCH"2CH2C = N (5.12) 
Et 0 5 H C=CKC=N i 
(CETTB) 
5.5.4.2. Experimental 
Hydrogen bromide was bubbled i n t o a s o l u t i o n of stannous bromide 
(4.62g, 16.6 mmoles) i n d i e t h y l ether at 0°C which immediately 
turned pale yellow. A dark yellow s o l i d appeared but dissolved 
w i t h i n ten minutes. Hydrogen bromide was added f o r a f u r t h e r 15 minutes 
to completely saturate the system. Excess a c r y l o n i t r i l e (6 mis, 90 mmoles) 
was added by syringe and a large amount of a c r y s t a l l i n e product was 
formed over night. Attempted r e c r y s t a l l i s a t i o n of t h i s crude product 
yielded a white powder, compound 5.16, and an orange o i l , compound 
5.17. Small c r y s t a l s were obtained from the o i l , compound 5.18. 
Characterisation of compound 5.16 i s given on the data table over page. 
I n f r a - r e d spectrum of compound 5.17. v cm , contact f i l m 
3300-2770s,b, 2480m,b, I675s,b, 1575m/s,b, 1445m/s,b, 1430m/s,b, 
1392m/s, 1322m, 1270s, 1230w/m, 1200w/m, 1154m/s, 1130m/s, I087m/s, 
1035w, 1005m/s, 917m,904w/m, 822m, 738m, s h l , 741s, 708m/s, 530m, 552m, 
s h l , 472w/m. 
I n f r a - r e d spectrum of compound 5.18. v cm , n u j o l mull 
3150m,b, 2920s, 2850s, 1460m/s, 1392m/s, 1376m/s, 720w/m. 
Compound No. 
5.16 
Origin + IlBr + CII_ = CIICE K 
c 2 
E t 2 0 
Name & Structure 



























Infra-red, v cm" 1' i i u j o i i . :u i i 
3052m, b,2960s, 2922s, 2862s, 1722w/b, 
I626n/s , 1562\v, 1462m/s, 1449m/s, 141 5»v, 
1387m, 1370m, 1362n, 1239w, 1257m, 
1 1 97w/m, 11 52m/s , 1128m, 1 033m/s, 1039w, 
1011m, 964w, 920m, 356m, 348m, 324m, 
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5 . 5 . 4 . 3 . Discussion of Results 
I s o l a t i o n of ethereal tribromostannane has not been repor ted 
i n the l i t e r a t u r e . However, organot in bromides have been prepared 
by the hydrostannat ion of unsaturated organic species by hydrogen 
bromide w i t h t i n ( I I ) bromide or t i n powder using excess organic 
compound as so lvent [ 5 0 , 5 6 ] . 
I n t h i s p r e l i m i n a r y i n v e s t i g a t i o n i n t o hydrostannat ion by 
hydrogen bromide and t i n ( I I ) bromide i n ether to form organo t i n 
bromides, i n p a r t i c u l a r CETTB, the f i r s t observat ion was tha t t i n ( I I ) 
bromide i s so lub le i n e ther i n contras t to t i n ( I I ) c h l o r i d e which 
i s i n s o l u b l e . I n the ch lo r ine case the fo rma t ion of e thereal 
t r i ch lo ros tannane i s complete when there i s no undissolved t i n ( I I ) 
ch lo r ide l e f t . Formation of the bromine analogue cannot be monitored 
i n t h i s way so hydrogen bromide was added f o r a longer per iod o f time 
than i n the ch lo r ine case to ensure completion of the f i r s t s tage. 
C lea r ly , the desired product , CETTB, has not been prepared. 
Compound 5.IS i s l a r g e l y inorgan ic and the re fo re may be r e c r y s t a l l i s e d 
SnBr^or SnBr^. Compound 5.16 i s possibly, a hydrobromination p roduc t . 
However, i n f r a - r e d studies show tha t i t i s not a n i t r i l e such as 
2 - b r o m o p r o p i o n i t r i l e , but a d e r i v a t i v e such as an/imine or amine. I t 
i s also f e a s i b l e to form an imminium s a l t (bromide or t r ib romos tanna te ) . 
Any organot in bromides, such as the n i t r i l e , inline or amide may be 
contained i n the o i l y residue which was not f u l l y charac ter i sed as 
f u r t h e r p u r i f i c a t i o n was necessary. 
Further i n v e s t i g a t i o n s i n t o the handl ing and use of "HSnBr^" are 
the re fo re requ i red i n order to e s t a b l i s h the most conducive cond i t ions 
to form Ci'TTB and to determine o ther poss ible products . 
HBr + SnBr 2 + E t 2 0 * HSnBr. .nEt 2 0 ( 5 . 1 3 ) 
210 
5.5 .5 . Reactions to replace the ch lo r ine atoms of 
CI3SnCH„CH2_C=N (CETTC) by organic groups 
5 . 5 . 5 . 1 . The a c t i o n of a Grignard reagent on CETTC should 
convert i t i n t o the corresponding organot in compound. 
RKgBr + Cl 3SnCH 2CH 2CSN > R^nCHgCHgCSN (5.14) 
V.3 
I f the r e a c t i o n does not go to completion then a d d i t i o n a l products , 
R„C1_ ,SnCH0CH9C=N ( x = l , 2 ) w i l l be formed i n the m i x t u r e . 
A l t e r n a t i v e l y the r e a c t i o n may also invo lve the n i t r i l e f u n c t i o n , 
and so give ketones, R x Cl 3 _ y SnCH 2 Cli 2 C(=0)R. The desired product (V.3) 
may be prepared by the hydrostannat ion of a c r y l o n i t r i l e by organot in 
hydr ides , R SnH [ 4 0 ] . Ketoorganostannanes have been prepared 
by reac t ing the r e l evan t cyanoalkyl t r imethyls tannane w i t h methyl 
and phenyl Grignard reagents or by ox ida t i on of the corresponding 
a lcohol [ 5 7 ] . 
5 .5 .5 .2 . Experimental 
T'ethyl bromide (1 .3g 13.7 mrnoles) i n d i e t h y l ether (10 mis) 
was added s lowly to magnesium tu rn ings (0.35g) i n d i e t h y l ether (5 mis) 
and the r e s u l t a n t grey s o l u t i o n was r e f l u x e d under n i t r o g e n f o r 40 
minutes. Upon a d d i t i o n of CETTC (1.13g. 3.6 mmoles) d i sso lved i n 
hot toluene (45 mis) an immediate white p r e c i p i t a t e appeared and the 
mixture was r e f l u x e d f o r two hours . The p r e c i p i t a t e was i s o l a t e d by 
f i l t r a t i o n , 5 . 1 9 , and the f i l t r a t e placed i n the f r i d g e to induce 
c r y s t a l l i s a t i o n , but to no a v a i l . A p o r t i o n of compound 5.19 was 
suspended i n ether and dioxan ( 6 mis) added and the amount of s o l i d 
suspended increased. Removal of the s o l i d f o l l o w e d by reduc t ion of the 
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The procedure was repeated using phenylmagnesium bromide, 
again producing a white s o l i d which was removed by f i l t r a t i o n 
(compound 5 .21) . Reduction i n volume of the f i l t r a t e y i e lded a 
ye l low powder (compound 5 . 2 2 ) . Port ions of t h i s powder were 
used to t r y and e s t ab l i sh a successfu l work up procedure. 
Ne i the r water, hydroch lo r i c ac id (aqueous), dichloromethane, 
ch lo ro fo rm nor carbon t e t r a c h l o r i d e would d i s so lve or have any 
e f f e c t on i t , nor could i t be p u r i f i e d by s u b l i m a t i o n . 
5 . 5 . 5.3. Results and Discuss ion. 
The data are displayed i n the tables on pages 211 to 214 
The products are l i k e l y to be moisture s e n s i t i v e so c a r e f u l work up 
procedures must be employed to i s o l a t e pure products . Consequently, 
the magnesium hal ides produced as side products were removed as dioxan 
adducts r a the r than by d i s s o l v i n g them i n aqueous hyd roch lo r i c acid 
as f o r conventional Grignard r eac t i ons . 
HMEJC + Cl^SnCH2CK0C = N >RxCl ^^SnCH^CH^C^ K + MgHalg (5 .15) 
e.xcesi / — \ 
0 0 
2 \ / 
However, i t i s also poss ib le that any i n so lub l e organot in products may 
be l o s t w i t h the dioxan p r e c i p i t a t e due to separa t ion d i f f i c u l t i e s . 
Any organot in products mixed i n w i t h the magnesium ha l ide p r e c i p i t a t e 
could conceivably be i s o l a t e d by subl iming them onto a cold f i n g e r , 
the h igh me l t ing point magnesium ha l ides (l.IgCl„ has a me l t i ng po in t 
of 714°C and Mg3r^ one of 700°C) being l e f t behind, but no organot in 
compounds were i n f a c t i s o l a t e d by t h i s method. Due to the d i f f i c u l t i e s 
encountered i t was hard to i s o l a t e pure products . I m p u r i t i e s present 
have made the spectra more complicated and t h e r e f o r e more d i f f i c u l t to 
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i n t e r p r e t . Fur ther work i s necessary to develop a successfu l 
method f o r i s o l a t i n g the pure required products . Each product 
obtained i n the experiments described above i s now discussed i n t u r n . 
Compound 5 . 1 9 
I n f r a - r e d s tudies show that the n i t r i l e group i s s t i l l present 
al though v(C = K) (2276 cm" 1 ) i s very close to tha t of CETTC i t s e l f 
(2278 cm"*"1"). Unreacted CETTC could the re fo re be present as an i m p u r i t y . 
However, the broad shoulder to the low frequency side of the peak 
could represent new products . A l t e r n a t i v e l y a peak at 16C2 cm 1 
impl i e s tha t the n i t r i l e has been converted to an imine group 
[y(C=N) = 1689-1471 [39~l . A less l i k e l y p o s s i b i l i t y f o r t h i s peak 
would be v ( C = 0 ) f o r an aldehyde, ketone, ca rboxy l i c acid or amide as 
i t i s r a t h e r low. However, th.ere i s no evidence f o r v(C-O) between 
1 2 6 0 and 1000 cm but there i s a broad peak at 3360 f o r hydroxy 
s t r e t c h i n g . 
The q u a l i t y of the n .m . r . spectrum was reduced by s o l u b i l i t y 
problems. Subsequently, there are no t r i p l e t s to represent the 
ethylene groups of the cyanoethyl or -CH2CH2R (R = C(=0):.1e, C(=0)i:H..) 
groups close to the s h i f t values of CETTC i t s e l f . 
The mass spectrum shows that at l ea s t some of the CETTC must 
have reacted as there i s evidence f o r SnMe^(x = 1 - 3 ) fragments but 
none f o r SnCl v (x = 2^3) fragments, although the l a t t e r may be present 
but too weak to d i s t i n g u i s h . I t also suggests the presence of amide or 
amine f u n c t i o n a l groups as w e l l as some n i t r i l e conta in ing groups. 
There i s also a peak at a m/e value of 43 corresponding to the 
[-^-MeJ + fragment of a ketone. 
Due to the p u r i f i c a t i o n d i f f i c u l t i e s the elemental analyses are not 
expected to correspond exac t ly to any of the suggested products . 
However, f rom tab le 5-13 below one i s able to deduce the most 




Elemental ana lys is of Compound 5.19 and some of i t s poss ible assignments. 
Compound % C % N * 31 
Compound 5.19 21.1 4 .5 0.8 28.5 
Me3SnCK2CH2C=£N 33.1 6,0 6.4 0 . 0 
Me 2ClSnCH 2CH 2C=N 2 5 . 2 4.2 5.9 14.9 
MeCl2SnCH2CH2C = N* 18.6 2.7 5.4 27.4 
Me3SnCH2CH2COHe 3 5 . 8 6.9 0 . 0 0.0 
Me2ClSnCH2CH2COTJe 28.2 5 . 1 0.0 13.9 
I.1eCl2SnCH CHgCOMe * 21.2 3.7 0.0 25.7 
Ke3SnCH2CH2COIIH2 3 0 . 6 6.4 5.9 0 .0 
Me2ClSnCI-I2CH2CONH2 23.4 4.7 5.7 13.8 
I,!eCloSnC]:„CK_C0NHo* 
d d d a 
17.4 3 . 3 5 . 1 2 5 . 6 
Ue^SnCl 18 .1 4.6 0.0 17.8 
Ke 2SnCl 11.0 2.8 0 .0 32.3 
•MeSnCl^ 5.0 1.3 0.0 44.3 
* Closest f i t t i n g to compound 5.19 
The data f i t most c lose ly to the ca lcu la ted r e su l t s f o r 
KeClgSnCHgCI^CsH , KeClgSnCHgCIIgCOKe and EeClgSnCHgCHgCONHg. 
The product may be a mixture of compounds of the general fo rmula 
V:e CL_ ,^nCH 0CK 0Y where Y i s C=K, COKe and C0I;Ho of which the o v e r a l l X 3-}> 2 2 2 
mixture f i t s the fo rmula best f o r x equal to one f o r each value of Y. 
These suggestions are supported by the spectroscopic r e s u l t s . 
Compound 5.20 
The elemental analysis f o r the second product , obtained i n the form 
of an o i l , suggests tha t i t i s not organometal l ic and tha t i t does 
not conta in any halogens. Again due to the l i k e l i h o o d tha t i t does not 
consist s o l e l y of one species makes the elemental analysis d i f f i c u l t 
t o i n t e r p r e t . 
1. 
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There are two peaks i n the n i t r i l e s t r e t c h i n g region of the i n f r a -
red spectrum (2232 and 2243 cm 1 ) . The higher frequency peak may 
represent unreacted CETTC (227B era ^ ) w i t h i n experimental e r r o r or 
a l t e r n a t i v e l y the two peaks may represent two new products or one w i t h 
two n i t r i l e s t r e t c h i n g f requencies . Amine H-H s c i s so r ing and C-N 
s t r e t c h i n g occur at 1620 and 1060 cm 1 r e s p e c t i v e l y and the wagging 
between 909 and 666 cm \ a l l of which are present i n the spectrum. 
The peak at 3345 cm 1 may be v(H-K) of an amine or amide al though one 
would erpect two such peaks, one f o r symmetrical and one f o r a n t i -
symmetrical s t r e t c h i n g . 
A l t e r n a t i v e l y t h i s peak may be due to hydroxy s t r e t c h i n g but there 
i s no s t rong peak between 1260 and 1000 cm 1 f o r v(C-O) to 
accompany i t . 
There are three medium i n t e n s i t y peaks i n the v ( C = 0 ) and v ( C = N ) 
reg ion at 1725, 1652 and 1617 cm 1 which may be assigned as f o r compound 
5 .10 . 
Again the n .m. r . spectrum i s of poor q u a l i t y due to s o l u b i l i t y 
problems and i s as assigned on the data t a b l e . There i s no low f i e l d 
peak corresponding to an aldehyde or c a r b o r y l i c acid p ro ton . 
Compound 5 . 2 1 . 
Again i n f r a - r e d s tudies i n d i c a t e the presence of a n i t r i l e group, 
possibly unreacted CETTC. By comparison 2-cyanoethyl t r ipheny l 
t i n has a n i t r i l e s t r e t c h i n g frequency of 2252 cm 1 [531 which 
i s not present i n the spectrum of compound 5 . 2 1 . Again there are 
fea tu res represent ing a carbonyl or an imine group. I t i s unclear 
whether Sn-Ph bonds are present as the region of the spectrum where 
such s t r e t c h i n g occurs (230-225) i s below the l i m i t a t i o n s of the 
KC1 p l a t e s . 
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The H n .m . r spectrum i s as assigned i n the data tab le and the 
complexi ty reveals i t s i m p u r i t y . There are no low f i e l d peaks 
f o r aldehyde, ca rboxy l i c ac id or amide protons . 
The mass spectrum shows that some ch lo r ine atoms of CETTC have been 
replaced by Ph groups as there are peaks f o r SnPhy ( x = l , 2 ) fragments 
and none f o r SnCl (y=2,3) fragments . There i s considerable evidence 
f o r the Ch^CH^C^ 0)Ph group of a ketoorganostannane. 
Again the elemental ana lys i s can only be used as a rough guide due 
to the probable i m p u r i t y of the product . The percentage of carbon i s 
r e l a t i v e l y low imply ing t ha t maybe replacement of only one c h l o r i n e 
atom has occured f o r the major product . 
Compound. 5.22, 
The i n f r a - r e d spectrum has s i m i l a r fea tures to those of compounds 
5.19 and 5.21 w i t h the except ion tha t there i s no peaK i n the n i t r i l e 
s t r e t c h i n g r e g i o n . The n . m . r . spectrum i s complex i n d i c a t i n g a 
l a r g e p r o p o r t i o n of i m p u r i t i e s . The elemental ana lys i s has a h igher 
carbon and correspondingly lower ch lo r ine content i n d i c a t i n g a h igher 
degree of ch lo r ine replacement to compound 5 .21 . The mass spectrum 
i s as assigned i n the data t ab le . 
Due t o the large number of poss ible products depending on the 
r e a c t i o n cond i t ions , i n p a r t i c u l a r the l eng th of time of r e f l u x i n g , a 
number of products have the re fo re been obtained i n an impure s t a t e . 
Obviously , the longer the per iod of r e f l u x i n g means the higher degree 
of replacement of ch lo r ine atoms. I n a d d i t i o n the experiments could 
be repeated w i t h a g rea te r excess of the Grignard reagent. D i f f i c u l t i e s 
2 2 0 
i n p u r i f i c a t i o n were experienced, however, the most probable 
products seem to be the ketoorganostannanes R y C l ^ ^SnCI^CR^COR of 
which x values of one f o r compound 5.19 and f o r compound 5.21 and 
two f o r compound 5.22, f i t most c l o s e l y on the bases of the 
elemental ana lys i s . Again an improved work up procedure i s r e q u i r e d . 
5.6 Conclusion 
The hydrostannat ion product of a c r y l o n i t r i l e , 2 - c y a n o e t h y l t i n 
t r i c h l o r i d e , i s an i n t e rmo lecu la r coord ina t ion polymer due to the 
presence of both a Lewis acid and Lewis base s i t e i n each molecule. 
The polymeric chain i s e a s i l y broken by Lewis bases, which 
c o o r d i n a t i v e l y saturate the t i n atom, but i t i s more s tab le towards 
Lewis ac ids . 
Our i n v e s t i g a t i o n s i n t o the mechanism lead ing to CETTC f rom 
a c r y l o n i t r i l e show tha.t i t i s necessary to prepare e thereal 
t r i ch lo ros tannane i n s i t u , as attempts to i n s e r t t i n ( I I ) c h l o r i d e 
i n t o 2 - c h l o r o p r o p i o n i t r i l e were unsuccessfu l . Also the r e a c t i o n does 
not appear to proceed v i a a t i n ( IV) ch lo r ide adduct, nor v i a a 
f r e e r a d i c a l mechanism. The mechanism proposed i s t he re fo re one of 
e l e c t r o p h i l i c a t tack by the proton of e thereal t r i ch lo ros t annane 
f o l l o w e d by a d d i t i o n of the t r i ch lo ros tannane anion . 
Upon h y d r o l y s i s , CETTC d i d not break down to propanal and an 
ino rgan ic species but remained i n t a c t a l though both ends of the molecul 
were a f f ec t ed . S i m i l a r i l y , both s i t e s were attacked by Grignard reagents 
w i t h some of the ch lo r ine atoms being replaced by organic groups. 
The hydrosta .mation of a c r y l o n i t r i l e by t r ibromostannate proved 
more d i f f i c u l t than by the analogous ch lo r ine system, one of the 
i n i t i a l problems being the d i f f e r e n t s o l u b i l i t y of t i n ( l l ) bromide, 
compared to t i n ( I I ) c h l o r i d e , i n d i e t h y l e ther . 
C H A P T E R 8 
HYDROSTANNATION OF UNSATURATED NITRILES 
6. 1 . I n t r o d u c t i o n 
I n the previous chapter i t was shown tha t e therea l 
t r i ch loros tannane adds predominantly across the o l e f i n i c bond 
of a c r y l o n i t r i l e but also a f f o r d s products i n which the 
n i t r i l e group has also been a f f e c t e d . 
I n t h i s chapter s tudies on s u b s t i t u t e d a c r y l o n i t r i l e 
1 2 
systems R CH=CR C=?N, w i t h both e l e c t r o n withdrawing and 
e l ec t ron donating subs t i tuen t s on the o l e f i n i c bond, are 
repor ted . The e f i e c t of inc reas ing the separat ion of the two 
unsaturated bonds i s examined f o r the a l l y l cyanide system, 
CH2=CHCH2C = N/HSnCl^. The r e su l t s may be compared to those 
f o r the saturated n i t r i l e s described i n chapter 4. 
Pre l iminary i n v e s t i g a t i o n s i n t o the hydrostannat ion of 
c r o t o n i t r i l e , !;"eCH= CMC ==N , and m e t h a c r y l o n i t r i l e , CH 2=CI_eC_N, 
were ca r r ied out by T ' . A . I . El Er ian [ l ] . 
6. 2. Experimental 
The r eac t ion procedure adopted was s i m i l a r to tha t most 
conducive to CETTC fo rma t ion from a c r y l o n i t r i l e . 
6 . 2 . 1 . Hydrostannation of C r o t o n i t r i l e 
C r o t o n i t r i l e (5«4 mis, 66 mmoles) was added to e thereal 
t r i ch loros tannane (64 mmoles) wi thout removal of the excess ethe 
Upon s t i r r i n g f o r 48 hours at room temperature a whi te s o l i d , 
pale yel low o i l and upper e thereal l a y e r were formed. The whi te 
s o l i d was i s o l a t e d by f i l t r a t i o n , thoroughly washed i n 
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dichloromethane and d r i ed i n vacuo to give compound 6.1 (3 . 8 5 g ) . 
The v o l a t i l e ma te r i a l was removed f rom the f i l t r a t e by vacuum 
d i s t i l l a t i o n and i d e n t i f i e d as hydrogen ch lo r ide and ether 
( g . l . C , s i l i c o n e SE 30 (30%)) w i t h no CIMeCH-CHgCSH. The 
remaining viscous yel low o i l was heated gen t ly i n toluene to 
d i sso lve i t , i n an attempt to grow c r y s t a l s , but i t darkened i n 
co lour to give a brown o i l , 6 .2. 
Data f o r compound 6.1 i s g iven overpage. 
Compound 6.2 i n f r a - r e d spectrum. cm , contact f i l m 
3315m/s, 3260m/s, 3205m/s, 2980m/s, 2922m/s, I670m/s, I645m/s, I640m,b, 
1610m, 1440m,b, 1382m, 1358m, 1270m,1221w/m, 1182w/m, 1141w/m, 11t6m, 
1090m, 1080m, 1070m, 1014m, 9 5 W m , 9 2 5 w , 905w, 858w/m, 820w, 788w, 
734m, 698m, 618m, 463w. 
6 . 2 . 2 . The experiment was repeated i n an attempt to ob ta in 
c r y s t a l l i n e ma te r i a l ins tead of the brown o i l . The i n i t i a l 
procedure was exac t ly as before and again a white powder ( 6 . 3 , 5.89g) 
was obtained from c r o t o n i t r i l e (5.0 mis, 61.4 mmoles) and 
e thereal t r ich loros tannane (60.4 mmoles). This time the v o l a t i l e 
components were removed by pumping u n t i l the ye l low o i l became a 
s t i c k y paste. This was d issolved i n warm toluene &00 mis) and 
overheating was avoided. A c r y s t a l l i n e ma te r i a l ( 6 . 4 , 0.15g) 
appeared i n the s o l u t i o n over three weeks. Data obtained on the two 
products are given on the data sheets. 
6 . 2 . 3 . Hydrostannation of M e t h a c r y l o n i t r i l e 
The r eac t ion procedure was i d e n t i c a l to that i n sec t ion 
6.2.2 using ethereal t r ich loros tannane (57.5 mmoles) and m e t h a c r y l o n t r i l e 
Compound No. 
6 . 1 
1 0 J! SnCl /lStgO + 1.1 eCH = CHC E N 
Name § Structure 




C 1 3 . 7 





see table 6.2 
C 3 H 8 S n C 1 3 . 5 
hH N A R . d j ^ ^ - ^ 
6 . 5 H 
Infra-red, v c r 1 K i r d i s V 
3320w/m, s h l , 3 1 9 0 m , b,2955vw, 2910vw, 
1684m, sh l , I629m/s , 1429m, shl ,1403s, 
1370m, s h l , 1 3 2 0 w , 1303w, 12 33w, 1220s, 
1180w/m, shl,1120w, b,1065m/s, 1038w/m 
962s, 921rn, 840m, 324m, 7 7 6 m / s , 670m, 
6 l 5 w / m , b,502m, 462w/rn, 303s, 281m/s, 
s h l , 250m, s h l . 
Mass Spectrum 












C(N3I 2 ) 2 + or C0:TH2 + 
C H 2 C H 2 C = N H 2 + 
[ClCH(Me)CH C = I f f l 0 + 
1 +K] " 
Sn 
[Sn + 12] + 



























[3nCl + 4 4 ] + 
SnCl. or 
ClSnCK(He)CH2CNH2" 





[ 225 + 43] + 
[SnCH(LTe)CH2 + 106J* 














Origin HSnCl /EtgO + KeCIlsCHCsN 
Name & Structure 
see t e x t 
m.pt. 
d100-106 







Empirical Formula C J n c i f l s n ? 
I n f r a - r e d , v cnr* far d isc 
3510m, b,3450m, b,3180m, b , l606s , 
1401s, 1219m/s, 1062m, 957m, 919m, 
850w/m, shl ,838n, 821m, 775m, 670w, b, 
495m, shl,407m/s,315s, 305m/s, s h l , 
260m, s h l . 
Mass Spectrum 



























d d c 
i ieci- :ci i 2 cri i i 2 J 
[MeC(Cl)KCH2CITIi2+2H] 
3nCl 
















Cl2SnCH(CH3)CH2C = N i I 2 + 
[225 + 4 4 ] + 
(m/e44= C0NH 2tc(KlI 2 




ClSnCH(Me)CH2C = Nil 
«c1 
<1 




Origin RSnCl /EtgO + I.!eCH = CHC=K 
Name & Structure 
C l 3 S n C H ( M e ) C H 2 C H N 







Empirical Formula c H^HCI s n 
I n f r a - r e d , v c r 1 " u 3 p l L m l 1 
see t ab le 6.2 
3380w/m, shl,3300w/m, b,3130m, b,2970s, 
2939s, 28b4s, 2280w, 1634m, l633m/s, 
1459m/s, 1378ra/s, 1307w, 1293w, 1272w, 
shl,1231m, shl,1223m/s, 1l64w/m, b, 
1070m, 1043w, 967m/s, 926m, 894w, 847m, 
832m, 784m, 727m, 678w/m,503w/m. 




1.75 s, b 























S n C l 3 + or 
ClSnCII(L:e)CHCNK2+ 










5.0 mis , 59.7 mmoles). A whi te powder (6.5, 2 . 8 2 g) and 
s e m i c r y s t a l l i n e m a t e r i a l ( 6 . 6 , 1 . 7 6 g ) were obta ined, the 
data f o r which are given on pages 227 and 2 2 8 . 
6.2.4 Hydrostannation of 2 - C h l o r o a c r y l o n i t r i l e 
2 - C h l o r o a c r y l o n i t r i l e (5 .0 mis , 63 mmoles) was slowly-
added to ethereal t r i ch lo ros tannane (61 mmoles) wi thout 
removal of the excess ether and the s o l u t i o n darkened i n 
colour u n t i l , a f t e r approximately 30 minutes i t was dark 
brown. A f t e r s t i r r i n g f o r 48 hours i t was reduced i n volume 
and upon a d d i t i o n of dichloromethane a whi te s o l i d ( 6 . 7 , 0.39g) 
s e t t l e d out and was i s o l a t e d . No f u r t h e r products were obtained 
from the brown o i l ( 6 . 8 ) , which was i n v o l a t i l e (poss ib ly 
polymeric i n na tu re ) . The data f o r compound 6.7 are g iven on 
page 2 2 9 . 
Compound 6 ,8; i n f r a - r e d spectrum. cm \ contact f i l m . 
3240s,b, 2975m/s, 2937m/s, 2720m, 2282w,b, I650s,b , 1545s,b, 1382s 
1367m/s, 1291m/s, 126lm/s, 1212m/s, 1182m/s, 1145m, 1121m/s, 
1071m/s,b, 1006m/s, 971m/s, 924m, 893m, 843m, 805m, 762m/s, 732s,b 
671s,b, 480m, 447m. 
6.2.5 Hydrostannation of A l l y l Cyanide 
The reac t ion procedure was i n i t a l l y i de7 i t i c a l to tha t i n 
sec t ion 6.2.2 to g ive a white s o l i d (6.9, 3.41g) and a ye l low o i l 
from ethereal t r ich loros tannane (70.0 mmoles) and a l l y l cyanide 
(5.8 mis , 72.1 mmoles). The o i l was reduced i n volume to- g ive 
a white s o l i d which was s t i r r e d i n dichloromethane (130 mis) 
and subsequently i s o l a t e d by f i l t r a t i o n and f u r t h e r washing, 
Compound No 
6.5 
Origin HSnCl /IStgO + CH 2=C(Me)C = N 
Name & Structure 










see tab le 6.2 
C A H 1 ? N C l A S n 
l 1 H N.M.R. ^ M s o . i s x t . E i s I n f r a - r e d , v cm" 1 rar d i sc 
3320ra, s h l , 3 l 5 0 s , 2975m/s, 2930m/s, 
2650w, 2560w, 2325w, 1686m, 1646m, 
1575s, 1470s, 1402m/s, 1376m/s, 1328m, 
1245w, 1204m, 1160m, 1131m, 1101m,1091a 
1070m, shl ,1060m/s, 1032w/m, 1012m, 
997m/s, 923s, 875m, shl ,854m/s, 798m, 
762w, 705vw, 644w, 568m/s, 538m, 506m, 
428w/m, 397m, 372m, 302s. 
Mass Spectrum 






























2 . 2c;; 2:;.: 2t c o u n 2 + 
or C ( N H 2 ) 2 + 
CII(r.!e)CWH + 
C1CNH+ o r C1C 2 H 3 + 
CH2CH(Me)CNH2+ 
[CHgCH (He) CNHg+HdJ1" 
SnCl + 
S n C l 2 + or 


















ClSnCK2CH(I.ie)C = AE 
S n C l 4 + , 
CI SnCH(Ke)CK C.NH2+ 
or 
Sn(CH(Me)CH 2CNH 2) 2 + 
[225 + 4 4 ] + 







Other Information 1 1 S S n Mossbauer spectrum(table6.3 and f i g . 6 . 1 
Compound No. 
6,6 
Origin I I S n C l 3 / E t 2 0 + Cl : 2 =C(I . l e )C iN 
Name & Structure 
C l 3 S n C H 2 C H ( M e ) C i N 







Empirical Formula c AH f iNci^sn 
m.p 
119-20 
see t ab le 6„2 
I n f r a - r e d , v cm" 1 N u j o i K u i T l 1 H N.M.R. 
3250w, b,2920s, 2358s, 2260m, b,l620w/; 
b,1450m/s, 1407w/m, 1377m, 1310m, b , 
1200w, 1155m, 1100m, b,1038m, s h l , 





m/e Fragment Ion I m/e 
36 IIC1 + 100 225 
41 P I T — n — TJ"7 + — w — 58 
+ 
13 260 52 CIICHCU 
68 CII2CIl(l.:e)CN + 31 
120 Sn + 2.0 
155 SnCl + 19 279 
190 S n C l 2 + or 7.2 294 





AB' £ 12 
m 7 




CI SnCK CK(Ke)C = NH 
or I 
Sn(CH2CH(Me)C = N H 2 ) 2 + 
Cl3SnCH2CHC = NH + | 17 
Cl_SnCH-CK(Me)C = NH* 2.0 





Origin HSnCl / E t 2 0 + CII 2 = C(C1)C = N 
Name & Structure 
see t e x t 


















CI 52.0 45.2 
Empirical Formula c 2H 1 1Nci (.sn _ _ _ _ _ 
I n f r a - r e d , v c m " 1 N u j o i M I PH N.r1.R.^cpgi Ext Ttasre 
3444m, b,3180m/s, b,2952s, 2920s, 
2850s, 1655m, b,1550m, b,1450m/s, 
1401m, 1372m, 1238m, 1192m, 1134m, 
















m/e Fragment Ion 1 m/e Fraqmenl Ion 1 
36 HC1 + 100 190 SnCl 2 + 12 
44 CK 2CH 2NH 2 + ,CONH 2 + 35 225 SnCl., + 51 
or C ( N H 2 ) 2 + 260 SnCl, + 9 
55 CH2CHC = I f f l 2 + 9 269 [SnCl, + 4 4 ] + 2.5 
o r ( C N ) 2 H 3 + 274 [Cl 3 SnCH 2 CHCl-3H]s + 1 
62 C1C = NH+ * 14 304 1 
90 CH„CH(C1)C = NH_ + * 
{. d 24 351 [CH2 = C(C1)CN + 1 
105 9 6.0 HSnCl + HClJ + 
120 Sn + 6.5 •Re la t ive i n t e n s i t .es 
136 SnlJH 2 + 2.0 are i n c o r r e c t f o r 
155 SnCl + 22 




Origin nsnci /Et go + C I I 2 = C H C H 2 C = N 
Name & Structure 
see t e x t 




5.0 see tab le 6.2 
Sn 
CI 45.2 
Empirical Formula c H Mci^sn . AT. 
I n f r a - r e d , v cm" 1 K B " r d i s c l
1 H N.M.R. i n d^DKSO,Sxt.TMS 
3375m/s, 3310ra/s, 3245m/s, 3192s, 
2725vw, I692m/s, T635s, I574w/m, 
1545w/ra, 1522w/ra, 1440m/s, 1408m, 1376m 
shl,1322vw, 1310w, 1291w/m, 1270vw, 
1229s, 1221s, 1173w, b,1065m/s, 104Tw/m 














H ? 0 , 
NH? 
NH„ 










P I T nu f-u + 
C0NK 2 + or C ( N H 2 ) 2 + 
( C N H 2 ) 2 + , 
CH2CH2C = N H 2 + 
CH2CH2CH2C = NH 


















SnCNH , Srn^K ' 
SnCl + 
[Sn + 5 4 ] + 
293 
SnCl 2 or 
Sn(CH 2 ) 3 C = fflI2+ 
S n C l 3 + or 
ClSn(CH 3 ) 3 C = N H 2 + 
S n C l . + , 4 
Cl 2 Sn(CH 2 ) 3 C = N H 2 + 
or 
Sn[ (CH 2 ) 3 C = N H 2 ] 2 + 
[SnCl 3 + 6 9 ] + , 









Origin H S n c i 3 / E t 2 o + c i i 2 = C H C H 2 C = N 
Name & Structure 






1.9 see t ab le 6.2 H 
Sn 
CI 41.9 
Empirical Formula c 4 H 8 N c i 8 s n 
I n f r a - r e d , v cm" 1 KBr a i s T 11H N.M.R. d -^DKSO, Ext . TIES 
3520m, 3455m, b,3195w/m, b,3120w/m, • M l 
2.20 d 7.0 2 CH„? 
I655w/m, s h l , 1610m, 1400m/s, 1220m, d 
4.01 s ,b - 6 H o0,IIH ' 1072w , 951m, 920w, 839w, 774w, 411m/s, 
7.24 t 51.0 1 m0 
309s, 240s. d 
Mass Spectrum 
m/e Fragment Ion 1 m/e Fraq men! Ion I 
36 IIC1 + 100 155 SnCl 13 
41 CII C = N1I+ 41 190 S n C l 2 + or 9.5 
44 CH 2CH 2WH 2 + , 37 Sn(CIi 2 ) C = lui 
+ 
2 
CONH2+ or C(NH 2 ) 2 225 SnCl + o r 8.3 
57 [(CH 2 ) 2 C = NH2 + H] + 17 ClSn(CH 2) 3 C = ' V d 2 
260 SnCl 2.0 
70 (CH 0 ),C = NH 0 16 4 
2 3 2 
4. 
Cl 2 Sn(CH 2 ) 3 c = NH 2 + 
36 (CH„),C(NH_)_ + 20 or 
2 3 2 2 Sn [(CII ) C — NHnJ 
93 ? 14 
293 [225 + 6 8 ] + • 3.5 
106 C l ( C i i 2 ) C= N I i 2 + 
nK2 
31 CI Sn(CH2 NH„ + 
d 
111 (C lO„-C-N s C(CK„)^ c c 2 c 
4.5 330 ) 3 c = ; N H 2 2.0 
120 Sn + 3.8 
+ HCl] + 





H S n C l 3 / E t 2 0 + CH 2 = CHCH 2C=N 
Name & Structure 
C l 3 S n ( C H 2 ) 3 C i N 
3 cyanopropyl t i n t r i c h l o r i d e 








Empirical Formula c ^ N c i ^ s n 
see t ab le 6.2 
I 1 H N.M.R. d.-DM30,Int.TMS;90MHz 
asna :ffliiuinigHi™wasTii 
I n f r a - r e d , v cm" 1 N u j o i M U I T 
3409m, 3349m, 3268m, 3190m, s h l , 
2968ra/s, 2938m/s, 28b0m, 2270m/s,1640s 
1554s, 1450m/s, 1410m/s, 1337m/s, 
1282m/s, 1230m, 1162m, 1118m, 1094m, 
shl,1036m, 1019m, 9?7m/s, 932m/s, 
887m, 851m, 740m,b. 
Mass Spectrum 
























CH2 • s 
m/e Fragment "Ion 
Other Information 
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compound 6.10. ( 3 . 7 2 g . ) 
I n a second experiment the o i l was d i s so lved i n warm 
toluene and, a f t e r a few weeks, a s e m i c r y s t a l l i n e m a t e r i a l , 
(compound 6*11 approximately O. lg ) was ob ta ined . 
6. 3. Discussion of Results . 
A wide range of products are possible i n the r e a c t i o n 
between unsaturated n i t r i t e s and the SnCl 2 /HCl /E t 20 system 
because of : -
( i ) the complexity of HSnCl^ (chapter 2) and 
( i i ) the a v a i l a b i l i t y of both an alkene and a n i t r i t e bond 
f o r n u c l e o p h i l i c a t t ack by HSnCl^ and/or HC1. 
Possible products are l i s t e d f o r the r e a c t i o n i n v o l v i n g 
m e t h a c r y l o n i t r i L e i n tab le 6.1. 
Table 6.1. Possible products f rom the r e a c t i o n between 
CH2 = CMeC = N and SnCl / H C l / E t 2 £ 
Product D e r i v a t i on 
A Cl SnCHgCHMeCssN 
V I . 1 
Hydrostannat ion across the alkene 
bond to g ive the CETTC analogue 
of m e t h a c r y l o n i t r i l e . 
Me 
/ 








2 \ + -
C=NH 2 . X 
Cl 3 Sn 
Hydrostannat ion o f the n i t r i l e 
on ly . 
Table 6.1 (con td . ) 
Product D e r i v a t i o n 
B (contd) 
^Ke 
CH 2 =C 




C H = C SnCl^ 






Cl 3 Sn 
Me 
I + -
C1CH2CHC=NH2 . X 
Cl 3 Sn V I . 2 
Me 
I 
ClCH CH 2 < 
/ C = N H 2 + . X ~ 
\ 
/ \ 
C1CH2CH SnCl 3 
Me 
Hydroch lo r ina t i on of the 
alkene bond w i t h 
hydros tannat ion of the 





Cl 3SnCH 2CHC=NH 2 + . x " 
C 1 V I . 3 
and d imer i s a t i on product 
of V I . 3 
Hydrostannation o f the 
alkene bond w i t h 
h y d r o c h l o r i n a t i o n of the 
n i t r l l e bond. 
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Table 6.1 ( con td . ) 
Product D e r i v a t i o n 
Me 
E C1CH2CHC=NH2 . SnCl j 
i x VI. 4 
and d imer i s a t i on 
product of V I . 4 
HydrocKlorination o f both the 
alkene and the n i t r i l e bond 
w i t h fo rma t ion o f the 
t r i c h l o r o s t a n n a fee s a l t . 
Me I 
F Cl„SnCH0CHC=NH 
3 J. CI Sn 
Me 
I + . 
Cl 3SnCH 2CHC=NH 2 .X 
C 1 3 ^ n V I . 5 
and d imer i s a t i on 
product of V I . 5 
Hydrostannation of both the 
alkene and the n i t r i l e bonds. 
G (CH = C(Ke)C = N ) .SnCl 2 2 4 
(XCR„CH(Me)C = N ) 0 . S n C l , .2 2 4 
Formation of SnCl. adducts f rom 
4 
HSnCl 3 and HC1 (poss ib ly 
i n v o l v i n g ( E t O H ) 2 + S n C l 4 2 ~ 
(Chapter 2) 
H (CH 2 =:C(Me :)CH=Tra 2 ) 2 .SnCl 6 2 ~ 
VI.6 
(X CH2CH(Me)CH = N H 2 ) 2 . S n C l 6 2 ~ 
VI.7 
Formation o f hexachlorostannate 
sa l t s i n v o l v i n g both HSnCl 3 
and HC1. 
X = SnCl CI 
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The experimental r e su l t s show tha t i t i s possible to 
form the CETTC analogues (category A) and products where both 
unsaturated bonds have been a f f e c t e d (categories C-H). There i s 
no evidence f o r the alkene bond remaining unaf fec ted (category B)„ 
By f o l l o w i n g a c a r e f u l work up procedure, avoiding thermal 
decomposition, as i n the a c r y l o n i t r i l e case, the analogue of 
CETTC has been prepared from c r o t o n i t r i l e (compound 6.4) 
m e t h a c r y l o n i t r i l e (compound 6.5) and a l l y l cyanide (compound 6.11) 
but not from 2 - c h l o r o a c r y l o n i t r i l e . 
These products are c l e P r l y i d e n t i f i e d as n i t r i l e s by a peak 
i n the n i t r i l e s t rech ing region of t h e i r i n f r a - r e d spectra 
(2300-2200 cm -" 1 '). The remaining i n f r a - r e d frequencies may be 
a t t r i b u t e d to the a l k y l groups. 
The a l l y l cyanide product ( 6 . 1 1 ) . assigned as 3-cyanopropyl 
t i n t r i c h l o r i d e , has an a d d i t i o n a l peak at 1640 cm which suggests 
tha t some of the n i t r i l e has been reduced to an imine or iminium 
s a l t . Compound 6.11 the re fo re contains i m p u r i t i e s such as 
compounds 6.9 and 6.10 and should the re fo re have been r e c r y s t a l l i s e d 
but as the y i e l d was already low t h i s was not performed, (The 
experiment should have been repeated to ob ta in a pure product which 
would then be f u l l y cha rac te r i sed) . 
The 1 H n .m. r . spectrum of CI.jSnCH(Me)CH^C =N consis ts of 
broad s i n g l e t s as assigned i n the data t ab l e (page 2 2 5 ) and a 
broad t r i p l e t imp ly ing the presence of N-H protons e i t h e r due to 
i m p u r i t i e s i n the system or due to hydro lys i s by the water absorbed 
i n the DMSO. The n .m. r spectrum of 2-cyano- 2-methyl - e t h y l t i n 
t r i c h l o r i d e , (6 .6) i s as tabula ted on page 228 . The methyl protons 
resonance i s s p l i t i n t o a doublet by the t e r t i a r y pro tons . There i s 
a doublet of AB's centered at I . 5 6 ppm which corresponds to the 
methylene protons which are i n the same chemical , but d i f f e r e n t 
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magnetic, environments,, The m u l t i p l e t at 3.05 ppm a r i ses f rom 
the methyne proton coupled w i t h both the methyl and methylene 
protons . 
The n .m. r spectrum f o r 3-cyano propyl t i n t r i c h l o r i d e (6.11) 
consists of f o u r ranges of m u l t i p l e t s , as shown on page 232 t 
which are d i f f i c u l t to i n t e r p r e t . One would indeed expect complex 
s p l i t t i n g f o r the three methylene groups; t r i p l e t s f o r the *<• and 
methylene protons and a nonet f o r the pmethylene group. The low 
f i e l d m u l t i p l e t s may be due to unreacted n i t r i l e or o ther 
i m p u r i t i e s . This i s also r e f l e c t e d by the micro ana lys i s r e s u l t s 
which deviate from the ca lcu la ted values ( t ab l e 6 . 2 . ) . Again 
f u r t h e r p u r i f i c a t i o n by r e c r y s t a U i z a t i o n was r equ i red . 
The mass spectrum f o r 1-methyl 2-cyano e t h y l t i n t r i c h l o r i d e , 
Cl3SnCH(Me)CH2CN, (compound 6.4) has peaks a t t r i b u t a b l e to both 
the organic (MeCHCH2CNH+ a t m/e 69) and inorgan ic (SnCl^"*" at m/e 225) 
halves of the molecule and t h e i r break down, but no parent peak at 
m/e 294. Instead the highest mass peak i s f i f t e e n u n i t s lower 
due to loss of the methyl group. By comparison,the spectrum f o r 
Cl.jSnCH2CH(Me)CK, the m e t h a c r y l o n i t r i l e d e r i v a t i v e , does have a peak 
at m/e 294 f o r the protonated parent i o n . However, there i s 
an a d d i t i o n a l peak at m/e 326 f o r the d ich lorodiorgano t i n compound, 
imply ing tha t b is (2-cyanoethyl 2-methyl) t i n d i c h l o r i d e , 
Cl 2 Sn[cH 2 CH(Ke)CN] 2 , i s formed as an i m p u r i t y , which may account 
f o r the broad n i t r i l e s t r ech ing frequency i n the i n f r a - r e d spectrum 
and f o r the d e v i a t i o n of the elemental analys is f rom the ca lcu la ted 
values f o r the mono/organo t i n compound. 
238 
ConversSiy, the compounds where both alkene and n i t r i l e groups 
have reacted are e a s i l y i d e n t i f i e d from t h e i r i n f r a - r e d spectra 
by the absence of a n i t r i l e s t r ech ing frequency (2300-2200 cm ^ [2 J ) , 
and the development of an azomethine peak (1689-1471 cm [2 ] ) . 
The i n f r a - r e d data f o r these products have many of the c h a r a c t e r i s t i c s 
of those of the hydrostannat ion products of the saturated n i t r i l e s i n 
Chapter 4 so a d e t a i l e d d iscuss ion i s unnecessary,, Compounds 
6 .1 , 6.3, and 6.10 each have a s ing le peak i n the v ( C = N ) r eg ion , 
w h i l s t the remaining products g ive more complicated spect ra w i t h 
a d d i t i o n a l absorbancies imply ing that e i t h e r the product i s impure or 
tha t there i s more than one azomethine bond i n the s t r u c t u r e . 
The l a t t e r i s possible i f , f o r example, the product i s a d imer ic 
amidinium s a l t as suggested f o r the saturated n i t r i l e s [3 J and 
i l l u s t r a t e d below V I . 8 . 
R 
C = N H 2 + . S n C l 3 " 
l / V I . 8 
\ 
R^ \ n C l 3 
O l e f i n i c bonds also absorb i n t h i s r eg ion (1670-1640cm ^ [ 2 ] ) so 
the presence of any unreacted s t a r t i n g ma te r i a l or products 
whereby the n i t r i l e group only has been a f f e c t e d , main ta in ing the 
o l e f i n i c bond, w i l l complicate the spectrum. However, the n . m . r . 
s tudies show tha t the o l e f i n i c bonds have been completely sa tu ra ted . 
Any ni trogen-hydrogen sc i s so r ing v i b r a t i o n s which n a t u r a l l y occur 
i n t h i s r eg ion w i l l also complicate the spectra but are 
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c h a r a c t e r i s t i c a l l y weaker and may the re fo re be hidden. The 
spectra a l l conta in n i t r o g e n - hydrogen s t r e t c h i n g f requencies 
i n the expected region above 3000 cm ^ and the i m p l i c a t i o n s are as 
discussed i n Chapter 4. A l i p h a t i c carbon - c h l o r i n e bonds have 
s t r ech ing frequencies between 850 and 550 cm ^ and a l l o f the 
compounds, except 6.10, have a r e l a t i v e l y in tense peak i n t h i s 
r eg ion . This impl ies that h y d r o - c h l o r i n a t i o n , r a the r than 
hydros tannat ion , may have occurred across the o l e f i n i c bond. 
The s t a r t i n g mater ia ls c r o t o n i t r i l e , m e t h a c r y l o n i t r i l e and 
a l l y l c y a n i d e are isomeric (C H N ) . Therefore v / i th the a id of 
4 5 
table 6.2 and separate ca l cu l a t i ons f o r 2 - c h l o r o a c r y l o n i t r i l e 
one can deduce that the products f rom the n i t r i l e of general 
formula RCN may be' comprised : -
( i ) RCN + HSnCl^ + HC1; poss ib ly compounds 6 . 1 , 6.3 ( f rom 
the CI a n a l y s i s ) , 6.5 and 6.9. 
( i i ) RCN + IlSnCl., + 2HC1; poss ib ly compounds 6.1 and 6.9. 
( i i i ) RCN + 23ISnCl ; poss ib ly compounds 6.3 ( f rom the CI 
ana lys i s ) ,6 .7 and 6.10. 
( i v ) RCN + 2:ISnCl 3 + HC1; poss ib ly 6.3 ( f rom the low C 
a n a l y s i s ) . 
^ + 
4HC1. ( i . e . V I . 7 ) 
(v) RCN + R"2 + R^SnCl^  poss ib ly 6.1 and 6.5. 
These observations c l e a r l y suggest tha t both unsaturated 
bonds have been attacked as a l l of the p o s s i b i l i t i e s l i s t e d above 
invo lve at l eas t two molecules of HX where X is" s o l e l y SnCl^ or 
SnCl^ and C I . (See also t ab le 6 . 1 ) . Again these r e s u l t s imply 
tha t the compounds may not be pure and may be mixtures of products 
240 
Table 6.2 
Elemental Analyses f o r the P o s s i b l e H y d r o s t a n n a t i o n Products 
o f the N i t r i l e s C ^ N ; MeCITa=CHCsN. CH 2=C(Ue)C=N and 
CH.=CHCH.C=N, 
~~IL d 
PRODUCT ELEMENTAL ANALYSES ( c a l c u l a t e d ) 
% C % H t N % Sn ?S CI 
C.H.Cl,NSn 
(RCN + HSnCl 3) 
16.4 2.1 4.8 40 . 5 36.-3 
C.HC1 .NSn 4 7 4 
(RCN + HSnCl 3 + II CI) 
14.6 2.1 4.2 36.0 43.0 
C.H„Cl,NSn_ 4 7 b 2 
(RCN + 2HSnCl 3) 
9.3 1 . 3 2.7 45.7 41.0 
C 4H 8Cl 7NSn 2 
(RCN + 2HSnCl 3 + HC1) 
8.6 1 . 5 2 . 5 42.7 44.7 
C.!l_Cl_NSn 4 5 5 
(RCN + HSnCl-j + 2HC1) 
13.1 2.2 3.8 32.4 48.4 
C 8 H n C l 3 N 2 S n 
(2RCN + HSnCl 3) 
26.7 3.1 7.8 32.9 29.5 
C 8H 1 2Cl 4N 2Sn 
(2RCN + HSnCl 3 + HCl) 
24.2 3.0 7.1 29.9 35.7 
C 8H l 6Cl 6N 2Sn 
(RCH=NH 2) 2SnCl 6 ( V I . 6) 
(RON + H 2 + H 2SnCl 4 + 2HC1) 
20.4 3.4 5.9 25.2 45.1 
C 8H 1 7Cl 8N 2Sn 
(RCHssNH 2.HCl) 2SnClg ( V I . 7 ) 
(RCN + H 2 + H 2 S n C l 4 + 4KC1) 
17-7 3 .3 5.1 21.8 52.2 
R - C 3H 5 
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or be contaminated w i t h t i n d i c h l o r i d e , a l t h o u g h the l a t t e r 
i s n o t det e c t e d s p e c t r o s c o p i c a l l y ( p a r t i c u l a r i l y by the Mbssbauer 
studies)» Attempted r e c r y s t a l l i z a t i o n t o p u r i f y these powders was 
un s u c c e s s f u l due t o s o l u b i l i t y problems. The low s o l u b i l i t y and 
consequently low s i g n a l t o n o i s e r a t i o , l e d t o i n c o n c l u s i v e n.m.r. 
r e s u l t s . The peaks obtained are assigned i n the d a t a t a b l e s f o r each 
product i n t u r n . A l l of the s p e c t r a c o n t a i n a low f i e l d t r i p l e t due 
t o p r o t o n s a t t a c h e d t o the n i t r o g e n atom. Some of the s p e c t r a 
c o n t a i n an a d d i t i o n a l broad peak p o s s i b l y due t o a second type o f 
p r o t o n attached t o another N atom. I f d i m e r i c amidinium s a l t s had 
been formed ( V I . 8 ) then one would e>rpect two s e t s of peaks one f o r 
each R group. C l e a r l y t h i s i s not observed i n the p r o d u c t s concerned. 
The mass s p e c t r a show t h a t t h e SnCl^group has remained i n t a c t 
i n the products o b t a i n e d . However, the n i t r i l e s C^H^CN when 
s a t u r a t e d l e a d t o the fragment C^HgC=NH 2 + which has m/e 70 which 
i s v e ry close t o t h e value of 71 f o r tv/o c h l o r i n e atoms. Hence t i n 
c o n t a i n i n g fragments w i t h e i t h e r one o r g a n i c group o r two c h l o r i n e 
atoms at t a c h e d w i l l be d i f f i c u l t t o d i s t i n g u i s h , but a g a i n w i t h 
the a i d of computer s i m u l a t i o n s , due t o the i s o t o p e e f f e c t o f the 
c h l o r i n e atoms, t h i s can be overcome t o a c e r t a i n e x t e n t . I t i s 
p o s s i b l e t h a t c h l o r i n e may be a t t a c h e d t o t h e n i t r i l e carbon as some 
of the s p e c t r a c o n t a i n a peak a t m/e 62 which may be assigned t o t h e 
fragment C1C=NH + , *>ut the i s o t o p e r a t i o f o r the i n t e n s i t i e s o f 
the peaks at 62 and 64 i s i n c o r r e c t f o r t h e presence of c h l o r i n e i n 
most cases, so the evidence i s by no means c o n c l u s i v e . S i m i l a r i l y 
a peak a t m/e 106 i n each spectrum, except t h a t o f the 
c h l o r o a c r y l o n i t r i l e p r o d u c t , may correspond t o the h y d r o c h l o r i n a t i o n 
p r o d u c t of the pa r e n t n i t r i l e , but again t h e peak i n t e n s i t y r a t i o 
does not support t h e presence o f c h l o r i n e i n most cases. 
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Compounds 6.1 and 6.9 c o n t a i n fragments a t ra/e 147 which may 
r e p r e s e n t the S n C ^ N I ^ 4 i o n , i m p l y i n g t h a t the e t h e r e a l 
t r i c h l o r o s t a n n a n e has a t t a c k e d t h e n i t r i l e bond i n p r e f e r e n c e 
t o the alkene bond. The p o s s i b i l i t y of d i m e r i c species i s 
supported by a peak a t m/e 44 i n each spectrum, one p o s s i b l e 
assignment of which i s C(NE^)^+, a n ^ by a peak at m/e 111 
co r r e s p o n d i n g t o [ (C U ^ NH^ )-N = C( CH^) 2F i n ' t n e m a s s spectrum 
of compound 6.10. 
F i n a l l y compounds 6.9 and 6.10 e x h i b i t peaks a t m/e 293 which 
correspond t o the 1:1 (RCN + HSnCl^) p r o d u c t and compounds 6.5 and 
6.10 have pea'zs a t a p p r o x i m a t e l y 330 co r r e s p o n d i n g t o t h e 
(RCN + HC1 + HSnCl^) p r o d u c t . S i m i l a r i l y compound 6.7 f r o m 
c h l o r o a c r y l o n i t r i l e , has a peak a t m/e 351 r e p r e s e n t i n g t h e 
(RCN + HC1 + HSnCl 3) p r o d u c t . 
Table 6 . 3 
Mossbauer Data f o r the K y d r o s t a n n a t i o n Products of U n s a t u r a t e d N i t r i l e s 
Compound Isomer S h i f t Quadrupole S p l i t t i n g I n t e n s i t y 
S (mm sec A(mro sec -1 ( # ) 
6.1 0.221 + 0.001 - 94.14 
1.898 + 0.021 - 5.86 
6 . 3 0.217 + 0.003 see 34.24 
1.314 + 0.014 t e s t 30.46 
2.095 + 0.013 35 . 30 
6.5 0.225 + 0.002 - 100 
6.9 0.212 + 0.003 - 100 
6.10 0.221 + 0.003 see 34 .39 
1.845 + 0.015 t e x t 35.24 
2.119 + 0.014 30.37 
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The Mbssbauer data o f compounds 6 . 1 , 6 .5 and 6 .9 c o n s i s t of 
s i n g l e t s a t a p p r o x i m a t e l y 0 .22 mm sec ^ i m p l y i n g t h a t the t i n 
i s i n o x i d a t i o n s t a t e f o u r and t h a t t h e r e i s o n l y one k i n d of 
t i n atom. The remaining compounds 6 .3 and 6 .10 show a s i m i l a r 
low v e l o c i t y f e a t u r e and two a d d i t i o n a l c l o s e l y spaced t r a n s i t i o n s 
a t h i g h e r e n e r g i e s . As the low v e l o c i t y peaks are at ve r y c l o s e 
isomer s h i f t s t o those of the compounds above ( 6 . 1 , 6 .5 and 6 . 9 ) 
t h e n they most pro b a b l y correspond t o an analagous t i n atom and 
i t i s t h e r e f o r e u n l i k e l y t h a t they form p a r t o f a do u b l e t w i t h 
one of the h i g h e r energy t r a n s i t i o n s . The h i g h energy peak i s too 
broad ( h a l f w i d t h > 0 . 8 mm s e c - 1 ) t o be considered as a s i n g l e t and 
t h e r e f o r e most pro b a b l y c o n s i s t s of two s i n g l e t s o r a d o u b l e t o f 
v e r y low s p l i t t i n g c o n s t a n t , of which the fo r m e r i s the most l i k e l y . 
These h i g h v e l o c i t y peaks may r e p r e s e n t a new compound which i s 
h e a v i l y contaminated w i t h the o t h e r p r o d u c t from the same n i t r i l e 
which g i v e s the low v e l o c i t y s i n g l e t spectrum. 
The quadrupole s p l i t t i n g i s a measure o f the e l e c t r o n e g a t i v i t y 
and the s p a t i a l arrangement of the groups o r atoms a t t a c h e d t o the 
t i n atom. S u r p r i s i n g l y , the s p e c t r a f o r these compounds have no 
quadrupole s p l i t t i n g i m p l y i n g t h a t the environment around the t i n 
atom i s h i g h l y s y m m e t r i c a l . O b v i o u s l y the most l i k e l y o f the 
p o s s i b l e p r o d u c t s ( t a b l e 6 . 1 ) would t h e r e f o r e be one o f the 
he x a c h l o r o s t a n n a t e s a l t s (VT . 6 and VT . 7 ) . However the isomer s h i f t 
i s low f o r these s a l t s (=^0 .22 compared t o — 0 . 5 mm s e c - 1 ) [ 4 ] . 
Also a t i n ( I V ) adduct would l e a d t o zero quadrupole s p l i t t i n g but 
t h i s i s not supported i n the o t h e r s p e c t r a . Anyway, adducts of t h i s 
n a t u r e would be r e l a t i v e l y u n s t a b l e whereas the compounds themselves 
w i t h s t o o d pumping under vacuum. A l t e r n a t i v e l y the zero quadrupole 
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s p l i t t i n g could be as a r e s u l t o f the a t t a c h e d l i g a n d s ( i n c l u d i n g 
c h l o r i n e atoms) ha v i n g a s i m i l a r e l e c t r o n i c e f f e c t on the t i n 
atom. I t i s t h e r e f o r e p o s s i b l e t h a t the t r i c h l o r o s t a n n a n e group 
has become att a c h e d t o the n i t r i l e bond as i l l u s t r a t e d by VI.9 and 
VI.10, which l i k e the c h l o r i n e atoms i s e l e c t r o n - w i t h d r a w i n g and 
may t h e r e f o r e r e s u l t i n a low e l e c t r i c f i e l d g r a d i e n t a t the t i n 
atom. 
R—C=NH R—C=NH_ +X" 
I I 2 
CiySn VI.9 Cl 3Sn VI.10 
A l t e r n a t i v e l y , i f the alkene bond has been a t t a c k e d by the HSnCl^ 
then the o r g a n i c group may not be as e l e c t r o n - w i t h d r a w i n g and 
would t h e r e f o r e be expected t o g i v e a l a r g e quadrupole s p l i t t i n g . 
I t has been g e n e r a l i s e d [ 5 , 6 ] t h a t f o r an o r g a n o t i n compound which 
c o n t a i n s a t l e a s t one t i n - c a r b o n bond t h e n i f any o f the o t h e r atoms 
bonded t o the t i n c o n t a i n a l o n e p a i r o f e l e c t r o n s , such as c h l o r i n e , 
then a l a r g e quadrupole s p l i t t i n g i s t o be expected. The t h e o r y has 
been extended [4 ] such t h a t i f a l l of the atoms a t t a c h e d possess a l o n e 
p a i r of e l e c t r o n s then the quadrupole s p l i t t i n g w i l l be s m a l l . 
We may conclude t h a t i t i s p o s s i b l e t o form the CETTC analogues 
w i t h m e t h a c r y l o n t r i l e , c r o t o n i t r i l e and a l l y l cyanide. A d d i t i o n a l 
products where the n i t r i l e group has a l s o been a f f e c t e d are produced, 
o f t e n p r e f e r e n t i a l l y , as suggested i n t a b l e ('6 . 1 ) . There i s some 
evidence, a l t h o u g h r a t h e r s l i m , f o r d i m e r i c amidinium s a l t p r o d u c t s , 
but t h i s i s not supported by the n.m.r. s p e c t r a ( a l t h o u g h i n some cases 
they do c o n t a i n a broad s i n g l e t i n a d d i t i o n t o the low f i e l d equal 
i n t e n s i t y t r i p l e t i m p l y i n g more t h a n one type o f p r o t o n a t t a c h e d t o a 
n i t r o g e n atom). The Mossbauer s p e c t r a e l i m i n a t e any spec i e s c o n t a i n i n g 
t i n i n o x i d a t i o n s t a t e two so i f th e d i m e r i c species do e x i s t t h e y 
would be l i m i t e d t o X = CI ( t a b l e 6.1 ) . The symmetry requirements 
e s t a b l i s h e d by the asro quadrupole s p l i t t i n g suggest t h a t t h e p r o d u c t s 
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could be h e x a c h l o r o s t a n n a t e s o r t h a t the t i n atom may be bonded t o t h e 
n i t r i l e carbon and t h i s i s supported by the mass s p e c t r a peak a t 
m/e 147 f o r SnC=NH 2 + i n some cases. The t i n I V adducts are 
u n l i k e l y as discussed w i t h the Mossbauer r e s u l t s . F i n a l l y 
s a t u r a t i o n of a n i t r i l e group, f o r example by hydrogen c h l o r i d e , 
does not u s u a l l y s t o p a f t e r the f i r s t stage but proceeds t o g i v e 
the i m i n i u m s a l t [ 7 ] . 
R C S N + HC1 » RC=NH H C 1 > RC = NH„ +C1~ (6. 1 ) 
I I 2 CI CI 
The most l i k e l y p r o d u c t s are t h e r e f o r e compounds V I . 2 , 
V I . 3 and VI.5 where X i s CI. Compounds VI.2 and VT.3 are 
e f f e c t i v e l y (RCN + 2HC1 + H SnCl^ w h i l s t V I . 5 i s (RCN + HC1 + 2HSJIC1 3) 
and a l l of these p o s s i b i l i t i e s are c o n s i s t e n t w i t h t h e e l e m e n t a l 
a n a l y s i s . Species VI.5 w i t h two t r i c h l o r o s t a n n a n e u n i t s may 
account f o r the more complex Mossbauer s p e c t r a f o r compounds 
6.3 and 6.10. 
6.4 M e c h a n i s t i c Aspects 
D i f f i c u l t y was experienced i n p r e p a r i n g CETTC from a c r y l o n i t r i l e 
as discussed i n the p r e v i o u s c h a p ter, and s i m i l a r problems were 
encountered f o r the s u b s t i t u t e d a c r y l o n i t r i l e systems. 
M e t h a c r y l o n i t r i l e seemed t o r e a c t most e a s i l y and gave 2-cyano, 
2-methyl e t h y l t i n t r i c h l o r i d e i n moderate y i e l d . The d i f f i c u l t i e s 
i n o b t a i n i n g the t i n c o n t a i n i n g cyano d e r i v a t i v e s may be e x p l a i n e d 
by p o s t u l a t i n g p o s s i b l e r e a c t i o n mechanisms and by s t u d y i n g t h e 
s u b s t i t u e n t e f f e c t s of the methyl group and c h l o r i n e atom. 
I t i s u s e f u l t o c o n s i d e r the e f f e c t s o f s u b s t i t u e n t s t h e o r e t i c a l l y . 
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The Highest Occupied M o l e c u l a r O r b i t a l (HOKO), *f 2 , and Lowest 
Unoccupied M o l e c u l a r O r b i t a l (LUMO), V ^> f o r a c r y l o n i t r i l e [ 9 ] 
( f i g 6.2) show t h a t bonding at the o l e f i n i c bond i s more l i k e l y 
as the m o l e c u l a r o r b i t a l c o e f f i c i e n t s are l a r g e s t a t these twx> atoms 
i n b oth the HOMO and LUMO case. 
-0„39 0.41 
=0.09 -0.29 
C C C CT 
0.6-7 0.62 O069 =0o52 
r
2 ^ g . 6.2 r 3 
The e f f e c t o f s u b s t i t u e n t s on the energy l e v e l s o f s u b s t i t u t e d alkenes 
have been c a l c u l a t e d [ 8 ] t o gi v e the t r e n d s below;-
CH 2=CH 2 s CH2=CHMe ; Me 2C=CMe 2 
JT l e v e l i n c r e a s e s 
7T * l e v e l i n c r e a s e s 
TT - f\* decreases 
A decrease i n the d i f f e r e n c e between the HOI.IO and LUT.iO energy 
l e v e l s upon s u b s t i t u t i o n means t h a t t h e o l e i ' i n i c bond w i l l be more 
r e a c t i v e t h a n f o r e t h y l e n e i t s e l f . S i m i l a r i l y , m ethyl s u t s t i t u e n t s 
on a c r y l o n i t r i l e should f a c i l i t a t e r e a c t i o n s a t i t s o l e f i n i c bond 
towards n u c l e o p h i l i c a t t a c k . Also, Ghio et a l [ l 0 - 1 2 j have c a l c u l a t e d 
t h e e f f e c t o f s u b s t i t u e n t s ( b o t h e l e c t r o n - w i t h d r a w i n g and d o n a t i n g ) 
on the e l e c t r o n d i s t r i b u t i o n of the C=C, C=N and C-H bonds o f 
s u b s t i t u t e d a c r y l o n i t r i l e systems t o determine the r e l a t i v e 
importance of c o n j u g a t i v e and i n d u c t i v e e f f e c t s and show t h a t t h e 
s u b s t i t u e n t e f f e c t s may be f a i r l y w e l l r e p r e s e n t e d by c l a s s i c a l 
e l e c t r o s t a t i c i n t e r a c t i o n s . 
249 
The mechanism, proposed f o r the h y d r o s t a n n a t i o n o f 
a c r y l o n i t r i l e i t s e l f [ 3 ] i s con s i d e r e d as p r o t o n a t i o n of the 
n i t r i l e group t o gi v e a resonance s t a b i l i s e d c a r b o c a t i o n , t h e 
p o s i t i v e charge being d e l o c a l i s e d t h r o u g h the conjugated u n s a t u r a t e d 
bonds, f o l l o w e d by n u c l e o p h i l i c a t t a c k o f the t r i c h l o r o s t a n n a t e 
a n i o n , and subsequent tautomerism t o t h e o r g a n o t i n n i t r i l e 
(CETTC) (scheme 5.2) (page 1 9 3 ) . 
A l t e r n a t i v e l y , c y a n o e t h y l a t i o n r e a c t i o n s [ l 3 , 1 4 ] o f HX 
w i t h a c r y l o n i t r i l e , t o g i v e the p> s u b s t i t u t e d p r o p i o n i t r i l e , proceed 
v i a n u c l e o p h i l i c a t t a c k of X on the o l e f i n bond because of i t s 
e l e c t r o p o s i t i v e c h a r a c t e r due t o the e l e c t r o n w i t h d r a w i n g e f f e c t o f 
the n i t r i l e group. The second ste p i s p r o t o n a t i o n and i s f o l l o w e d 
by rearrangement a c c o r d i n g t o scheme 6.1. 






[ x c H 0 c i i = e = n ] + n + -» XCH 2CII= C=NH 
e.g. X = CI Scheme 6.1. 
The above r a t i o n a l i s a t i o n cannot be a p p l i e d t o the 
a l l y l cyanide system as the two u n s a t u r a t e d bonds cannot achieve 
complete d e l o c a l i s a t i o n due t o the methylene group between t h e 
two u n s a t u r a t e d bonds. 
C l ^ n + CH 2=CH — CH 2CsN 
Scheme 6.2 
-» [ c i 3SnCH2CHCH2C = n ] 
H + 
Cl 3Sn(CH 2) CSN 
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However, 3-cyanopropyl t i n t r i c h l o r i d e i s s t i l l formed so t h i s 
q u e s t i o n s t h e above mechanisms. 
The C = C and C=N bonds i n each o f the n i t r i l e s are s u s c e p t i b l e 
t o a t t a c k by both C l = and SnCl^"" n u c l e o p h i l e s , t h e r e l a t i v e s t r e n g t h s 
of which must be assessed, and i t i s c l e a r from the e x p e r i m e n t a l 
r e s u l t s t h a t both are i n v o l v e d . As CETTC was n o t formed from 
2 - c h l o r o p r o p i o n i t r i l e (Chapter 5) t h e n the SnCl^ n u c l e o p h i l e w i l l 
n o t be s t r o n g enough t o d i s p l a c e a c h l o r i n e atom once h y d r o c h l o r i n a t i o n 
has taken p l a c e . 
S u b s t i t u e n t e f f e c t s are o b v i o u s l y i m p o r t a n t t o the mechanism. 
S t e r i c h i n d r a n c e may be s i g n i f i c a n t i f the s u b s t i t u e n t s s h i e l d t h e 
o l e f i n i c bond from a t t a c k . Also, an e l e c t r o n - d o n a t i n g s u b s t i t u e n t , 
a methyl group i n t h i s case, w i l l i n c r e a s e the e l e c t r o n d e n s i t y a t t h e 
o l e f i n i c bomd and hence make i t l e s s s u s c e p t i b l e t o n u c l e o p h i l i c 
a t t a c k , and v i c e versa f o r e l e c t r o n d o n a t i n g s u b s t i t u e n t s such as 
c h l o r i n e . I n a d d i t i o n back d o n a t i o n by the lone p a i r o f ^ l e c t r o n s on 
the c h l o r i n e atom must be considered as i t w i l l reduce the o v e r a l l 
e l e c t r o n w i t h d r a w i n g e f f e c t o f t h a t atom. 
6.5 Conclusion 
I n t h i s c h a p t e r the h y d r o s t a n n a t i o n of u n s a t u r a t e d n i t r i l e s has 
been d i s c u s s e d , however t h e exact n a t u r e of the pr o d u c t s i s s t i l l 
u n c e r t a i n . F u r t h e r s t u d i e s are t h e r e f o r e necessary i n the f o l l o w i n g 
a r eas; 
( i ) t o improve the work-up procedure t o o b t a i n pure p r o d u c t s , 
( i i ) h y d r o l y s i s experiments which may l e a d t o d e r i v a t i v e s , such as 
aldehydes, which could be i d e n t i f i e d , 
( i i i ) b r o m i n a t i o n experiments which c o u l d be employed t o determine 
t h e s i t e o f h y d r o s t a n n a t i o n . I f the t r i c h l o r o s t a n n a n e u n i t was a t t a c h e d 
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t o the o l e f i n i c bond t h e n cleavage by bromine would g i v e SnBrCl^ and 
an o r g a n o b r o m o d e r i v a t i v e , and 
( i v ) f u r t h e r c h a r a c t e r i s a t i o n o f the products a l r e a d y o b t a i n e d , 
p o s s i b l y a f t e r examining t h e i r s o l u b i l i t y i n a l a r g e r range o f solvents„ 
The u l t i m a t e achievement would be t o grow a c r y s t a l s u i t a b l e f o r i t s 
s t r u c t u r a l d e t e r m i n a t i o n . 
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C H A P T E R 7 
THE ADDITION OF ETHEREAL TRICHLOROSTANNANE TO CARBONYL COMPOUNDS 
7.1 I n t r o d u c t i o n 
The e a r l y work on h y d r o s t a n n a t i o n by e t h e r e a l t r i c h l o r o a t a n n a n e 
i n v o l v e d u n s a t u r a t e d c a r b o n y l compounds [ l , 2 ] . However, i n these 
r e a c t i o n s the c a r b o n y l group was o n l y s e r v i n g t o a c t i v a t e t h e 
o l e f i n i c bond and i n a l l cases remained u n a f f e c t e d . 
Et 0 
CH2=CHCOR + HC1 + r S n C l 2 - > Cl 3SnCH 2CH 2C0R +/or Cl 2Sh(CH 2CH 2C0R) 2 
[ Sn 
R = Me,Cl,OH,OR'(R? = a l k y l , a r y l ) ( 7 . 1 ) 
I n the e x p e r i m e n t a l work described i n t h i s c h a p t e r h y d r o -
s t a n n a t i o n i s d i r e c t e d a t t h e carbonyl bond. O r g a n o t i n h y d r i d e s add 
across c a r b o n y l bonds t o form an a l k o x i d e o r a c a r b i n o l a c c o r d i n g t o 
equa t i o n s 7.2 and 7.3 [ 3 - 7 ] . 
R^SnH + R 1R 2C=0 > R3SnOCHR1R2 (7.2) 
R 3SnH + R3SnOCHR1R2 » R 3SnSnR 3 + HOCHR1R2 (7.3) 
I n ^ ^ u n s a t u r a t e d compounds i t i s u s u a l l y the alkene bond which 
undergoes h y d r o s t a n n a t i o n [ 8 ] , e . g . 
P r n 3SnH + CH 2=CHC0 2Me > Pr n 3SnCH 2CH 2C0 2Me (7.4) 
However, i t i s a l s o p o s s i b l e t o a f f e c t the car b o n y l group j^ 3 ] 
wet Et 0 
Ph 2SnH 2 + CH 2=CHC0R > CH =CH( 0H)CHR + Ph Sn ( 7 . 5 ) 
room temp. ^ 
15 h r s . 
2 
and i n a l i m i t e d number o f cases 1,4 a d d i t i o n may occur, as e x e m p l i f i e d 
below [ 9 ] . 
1 ? room temp„ 1 
R HC = C(CN)-C-R + R.SnH > R H C-C(CN)=C ( 7 . 6 ) 
0 3 ^ O S n R 3 
7,2 Experimental 
7=2.1 Reac t i o n o f Benzaldehyde w i t h HCl/SnCl^/Et^O 
Benzaldehyde (6.2mls, 60.8 mmoles) was added t o e t h e r e a l 
t r i c h l o r o s t a n n a n e (59.2 mmoles) w i t h o u t removal of the excess e t h e r , 
t o g i v e a y e l l o w s o l u t i o n w hich t u r n e d deep p u r p l e w i t h i n a few 
hours. A f t e r s t i r r i n g f o r 72 hours t h e e t h e r and a s m a l l amount o f 
unreacted benzaldehyde were removed i n vacuo t o le a v e a dark 
brown/purple s t i c k y s o l i d which was r e f l u x e d i n t o l u e n e ( I 5 0 m l s ) 
f o r one hour. Upon a d d i t i o n o f dichloromethane a w h i t e s o l i d 
separated which upon i s o l a t i o n was i d e n t i f i e d as t i n ( I I ) c h l o r i d e . 
The s o l u t i o n was reduced i n volume t o g i v e a hard p u r p l e , 
p o l y m e r i c s o l i d (compound 7 . 1 , 7 . 2 3 g ) . 
7.2.2 Reaction o f Benzaldehyde w i t h T i n ( I I ) C h l o r i d e and 
H y d r o c h l o r i c A c i d i n Aqueous C o n d i t i o n s 
Benzaldehyde (2.55mls, 25.0 mmoles), SnCl 2.2H 20 (11.28g, 50.0 
mmoles), h y d r o c h l o r i c a c i d (10mls) and methanol (50mls) were 
r e f l u x e d t o g e t h e r f o r s i j . hours t o g i v e a pale y e l l o w s o l u t i o n . 
A f t e r a d d i t i o n o f d i s t i l l e d w a t e r (100mls) and e x t r a c t i o n w i t h 
t o l u e n e (4 x 50mls) the o r g a n i c s o l u t i o n was d r i e d (MgSO^) and 




Origin FhCHO HSnCl / E t 2 0 
Name & Structure 















n (PhCIiO + PhCH) 
84.8 
7.1 
I n f r a - r e d , v cm" 1 KBr d i a c ( s e e f i S 7 . i ) | l H N.l* 
% ppm lMult. 
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7.2.3. Reaction o f E t h e r a l T r i c h l o r o s t a n n a n e w i t h 
Phenyl Acetaldehyde. 
The e x p e r i m e n t a l procedure was e x a c t l y as i n s e c t i o n 7.2.1. 
u s i n g phenyl acetaldehyde (5.0 mis, 42.7 mmoles) and gave a 
w h i t e s o l i d i d e n t i f i e d as t i n ( I I ) c h l o r i d e and a brown s o l i d 
(compound 7.2, 3.51g.) 
7.2.4. Reaction of E t h e r e a l t r i c h l o r o s t a n n a n e w i t h Benzophenone 
The procedure was e x a c t l y as i n s e c t i o n 7.2.1. u s i n g 
benzophenone (8.993g, 49.3 mmoles) t o g i v e a w h i t e s o l i d 
i d e n t i f i e d as t i n ( I I ) c h l o r i d e and a pale y e l l o w s o l u t i o n from 
which c o l o u r l e s s f i b r o u s c r y s t a l s were o b t a i n e d (compound 7.3,0«1g). 
The experiment was repeated but o n l y gave un r e a c t e d s t a r t i n g 
m a t e r i a l s . 
7.2.5. Reaction of E t h e r e a l T r i c h l o r o s t a n n a n e w i t h 
Benzoyl C h l o r i d e 
Benzoyl C h l o r i d e (6.6 mis, 72.9 mmoles) was added t o e t h e r e a l 
t r i c h l o r o s t a n n a n e (72.8 mmoles), w i t h o u t removal of t h e excess 
e t h e r , t o g i v e an i r j n e d i a t e w h i t e p r e c i p i t a t e which was s t i r r e d 
i n dichloromethane (100 mis) f i l t e r e d , d r i e d and i d e n t i f i e d as t i n 
( I I ) c h l o r i d e . An IR spectrum of the f i l t r a t e showed t h a t i t was 
composed of a m i x t u r e of benzoyl c h l o r i d e , d ichloroinethane and 
e t h e r by comparison o f i t s s p e c t r u m w i t h those o f a u t h e n t i c samples. 
I t was reduced i n volume t o g i v e f i b r o u s c r y s t a l s (0.12g) i d e n t i f i e d 
as a t i n ( I I ) c h l o r i d e w i t h a t r a c e of Benzoic a c i d ( f r o m the 
i n f r a red spectrum). 
7.2.6. Reaction of E t h e r e a l T r i c h l o r o s t a n n e w i t h P h e n y l i s o c y a n a t e 
The procdedure was e x a c t l y as i n s e c t i o n 7.2.4. u s i n g phenyl 
i s o c y a n a t e (3.5 mis, 32.2 mmoles) t o g i v e a w h i t e s o l i d p r e c i p i t a t e 
(compound 7.4, 4.82g). 
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Compound No. ( Origin 
7.2 PhCi:„C31C + -HSnCl n/Et o0 e- J c-
Name & Structure 
see t e x t 
m.pt. 
78-' 
Elemental Analysis PhCH2CH2 PhCH2CHO PhCHgCH + PhCHO 
78.1 91.4 30.0 35.0 





Infra-red, v cm" 1 KBr d i s c R CDCl^Ext.TMS Rei 
Hut RzM" Assign 3440w/b,3050m,3009m/s,2906m/s,2043m, 
shl,1935w/m,1865w/m,1793w/m,l675m,shl, 
b,1590m/s,1534m,b,1480m/s,1442s,1365m, 















































[ ( 2 x 91) - H] + 
[ 1 1 5 + PhH] + 
[91 + 122 + H ] + ? 












7 . 3 
lin Ph2CO + HSnCl 3/B * 2 0 
Name & Structure 
see t e s t 
Elemental Analysis 
C 1 . 3 
Sn 
CI 4 7 . 7 
Empirical Formula 
Infra-red, v cm" 1 o r d i s c T H N.M.R 
3500m, b,1735m, I640w/m, 1600s,1430w/m 
1302w/m, 1230m/st 1160w, 1141w, 1080w, 
930w/m, 780w/m, 690m/s, 620w, 420m/s, 
300m/s. 
fiiTiiiisifiuinisaiffiar'Tgna 
No d i s t i n g u i s h a b l e peaks, 


































[Ph 2C - H ] + 
Ph 2CO + 
SnCl * 
S n C l 3 
[ S n C l 4 + H ] + ? 
[182 +77 + 2 ] + ? 





3 . 6 




7 . 4 
Origin PhN = C = 0 + HSn C l 3 / E t 2 0 





C 1 3 . 9 
N 2.5 
Sn 4 0 . 9 
CI 4 3 . 9 
Empirical Formula 
Infra-red, v cm"1 KBr d i s c 
C 7H 6Cl 3NOSn 
2 4 . 4 
1.8 
4 . 1 
3 4 . 4 
30.8 





























6 . 6 
13 






[120 + 0 H ] + or 
[120 + NH2 + H] + 
S n C l 2 + 
[120 + 45(NCOH 3)] + 
S n C l 2 + 
S n C l 3 + 







7.3 D i s c u s s i o n o f Results 
7.3.1. The Aldehyde Reactions 
The mass spectrum of the p r o d u c t from e t h e r e a l t r i c h l o r o s t a n n a n e 
and benzaldehyde (7.1.) c l e a r l y shows t h a t i t i s p o l y m e r i c i n n a t u r e . 
I n g e n e r a l , a r o m a t i c aldehydes, such as benzaldehyde, do not 
undergo p o l y m e r i s a t i o n o r condensation r e a c t i o n s as r e a d i l y as 
aldehydes, such as formaldehyde, which have an ^ h y d r o g e n atom [ l o ] 
However, i t has been r e p o r t e d t h a t the r e a c t i o n between benzaldehyde 
and antimony p e n t a c h l o r i d e j ^ l l ] , f e r r i c c h l o r i d e o r 
aluminium c h l o r i d e [ l 2 , 13,] r e s u l t s i n t h e f o r m a t i o n o f a dark 
p o l y m e r i c s o l i d . This i s accompanied by t h e e v o l u t i o n o f hydrogen 
c h l o r i d e [ l l ] a-^ d f o r the l a t t e r two cases the e v o l u t i o n of carbon 
monoxide i s r e p o r t e d . R a f f e t a l f i o j c l a i m t h a t a t t e m p t s t o 
homopolymerise benzaldehyde by i r r a d i a t i o n o r by s t i r r i n g between 
0° and 25° C f o r 90 minutes w i t h a s e r i e s o f i o n i c and c o - o r d i n a t i o n 
c a t a l y s t s , i n c l u d i n g A l C l ^ , T i C l 4 > SnCl^, VOCl^, s i l i c a g e l , Bu 1 1 L i , 
t e t r a b u t y l t i t a n a t e , c i i s o b u t y l aluminium h y d r i d e (DI3A1I), 
DIBAK-TiCl^ and DIBAH- V0C1 , f a i l e d t o g i v e any p o l y m e r i c m a t e r i a l . 
However they were s u c c e s s f u l upon h e a t i n g benzaldehyde w i t h BP^.Et^O 
and o b t a i n e d a brown powder which was i d e n t i f i e d as p o l y b e n z y l by 
comparison of i t s i n f r a - r e d spectrum w i t h t h a t of an a u t h e n t i c sample 
[ l 4 - l 6 ] . They a l s o remark on i t s s i m i l a r i t y t o t o l u e n e . The 
spectrum f o r t h i s polymer [ l o ] i s i d e n t i c a l t o t h a t o f the polymer 
o b t a i n e d i n the h y d r o s t a n n a t i o n r e a c t i o n so we may conclude t h a t 
i t t o o i s p o l y b e n z y l ( F i g . 7.1). The exact s t r u c t u r e of 
p o l y b e n z y l i s s t i l l t o be e l u c i d a t e d . I t lias been proposed |^ 17 j 
t h a t i t i s a l i n e a r methylene-p-phenylene s t r u c t u r e ( V I I . l ) o r more 
pr o b a b l y a branched v a r i a t i o n as i l l u s t r a t e d by V I I . 2 [ l 8 ] and 






V I I . 1 V I I . 2 
O 
q P <p © 
CH_ CH J 2 H CH H \ £ 7 ^ 
< Q ^ C H 2 - - r a Q V - C H - c -
6 
CH 
CH_ CH CH CH 
b / b n o o 
V I I . 3 V I I . 4 
Conversely,[14 J the pendant type s t r u c t u r e , V I I . 4 f o r 
polymers i s formed from compounds such as benzy l f l u o r i d e due 
to the i n s t a b i l i t y o f a s i n g l e f l u o r i n e atom on an a l i p h a t i c s i d e 
c h a i n by a P r i e d e l C r a f t s type mechanism [ l o ] . 
One may compare the above r e a c t i o n s w i t h t h e r e d u c t i v e c o u p l i n g 
of c a r b o n y l compounds by reduced forms of t i t a n i u m [ l 9 ] such as 
Z n - T i C l 4 [ 2 0 ] , M g ( H g ) - T i C l 4 [ 2 l ] , Zn-Cu-TiCl 3 [ 2 2 ] , M g - T i C l 3 [23] 
and L i A l H 4 - T i C l 3 [ 2 4 ] t o g i v e d i o l s and alkenes as shown f o r 
etemple, f o r benzophenone i n scheme 7 . 1 . 
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LiAlH (1 eq) - T i C l (2.5 eq) 
Ph_C = 0 
THF Reflux overnight 






x2 a TiO 
L^R s \ R R R 
* R 2C=CR 2 
Scheme 7.1 
eq = equivalent 
The h y d r o s t a n n a t i o n product of benzaldehyde i s 
c h a r a c t e r i s e d on page 254 . As mentioned above and i l l u s t r a t e d 
i n F i g . 7.2 the i n f r a r e d spectrum of compound 7.1 i s i d e n t i c a l 
There i s evidence i n t h e i n f r a red spectrum f o r a l k y l and a r y l 
groups but none f o r e t h e r l i n k a g e s . A medium i n t e n s i t y peak 
a t 3380cm""'*" i s p o s s i b l y due t o h y d r o l y s i s of the p r o d u c t and 
t h e r e i s v e r y l i t t l e o t h e r support f o r the presence of any 
a l c h o l groups. 
The "Hi n.m.r. spectrum shows t h a t t h e r e are p r e d o m i n a n t l y 
a r o m a t i c p r o t o n s i n the s t r u c t u r e as assigned i n the d a t a t a b l e . 
There i s a broad peak a t 3.95ppm which may be a s s i g n a b l e t o an 
a]fohol p r o t o n . For comparison the "*"H N.I'.R. spectrum of t o l u e n e 
has resonances at 2.32 and 7.17 w h i l s t t h e r e are peaks a t 2.38 
and 7.23 i n the spectrum of t h i s compound i m p l y i n g a s i m i l a r 
b a s i c s t r u c t u r e . The peaks at 1.29 and 1.43ppm i m p l y s l i g h t 
c o m p l i c a t i o n s such as b r a n c h i n g o r p o s s i b l e i m p u r i t i e s . 
The s i m p l i c i t y of t h i s and the i n f r a red spectrum i m p l y t h a t the 
s t r u c t u r e i s not very complex and should be r e l a t i v e l y easy to solve. 
t o t h a t o f p o l y b e n z y l [ l O ] and very s i m i l a r t o t h a t of t o l u e n e . 
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ll) 
(000 3500 3000 2500 2000 1800 1600 1000 1400 1200 600 600 400 
(iii 
4000 3500 3000 2500 2000 1800 1600 1400 1000 200 1200 800 600 400 
iii) 
9 10 8 12 15 ( LL ) 
F i g . 7.2 I n f r a - r e d S p e c t r a of ( i ) Toluene ( i l ) Compound 7.1 
and Polybenzyl [ l o ] . 
The mass spectrum, which i s t a b u l a t e d below ( t a b l e 7.1) 
suggests t h a t i t i s a polymer of r e l a t i v e l y low m o l e c u l a r w e i g h t . 
Table 7.1 Mass Spectrum of Compound 7.1 
m/e Fragment Lo s t * Fragment I o n I 
77 P h + 38 
91 PhCK 2 + 100 
105 PhC0 + or PhCJI. + 2 4 100 




PhC 4H 3 + 




152 PhC 6H 3 + or 2 ( C 6 K 4 ) + 22 
167 Ph 2CH + 100 
181 — P h 2 C 2 K 3 + 100 
191 Ph 2C H 4 66 













[2(PhCH0H) + H] + 







652 - 90 7 6 = C 6 H 4 + 61 
678 90 - 89 = PhC + 33 
74? — 90 90 = PhC!I+ 36 
768 90 - 92 - [?:.C: + 2Yi] + 2.1 
832 — 90 11 
358 90 - 7.2 
922 90 2.5 
948 90 = 2.2 
1012 90 0.2 
1038 0.3 
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I f t he polymer was si m p l y b u i l t up from benzaldehyde u n i t s , as 
a r e s u l t o f c a t a l y s i s by e t h e r e a l t r i c h l o r o s t a n n a n e a c c o r d i n g t o 
scheme 7.2, then peaks at a d i s t a n c e m/e 106 a p a r t i n the mass 
spectrum would be expected. 
Ph Cl.,Sn 
\ 3 1 -
S n C l 3 + ^C=0 > Ph — C — 0 
H H 
CI 0Sn Ph Ph 
3 | - \ _^ 1 
Ph — C — 0 + C = 0 » > > Cl.Sn—C — 0 
I / 3 I 






Scheme 7.2 V I I . 5 
However t a b l e 7.1. shows t h a t c l e a r l y t h i s i s n o t the case. 
I n s t e a d the polymer i s b u i l t up from u n i t s o f m/e 90 which r e p r e s e n t the 
c a t i o n i c benzylidene fragment [PhCH] + . There are two such s e t s of 
peaks i n phase, separated by a m/e value o f 26 which corresponds 
t o [CLH^l*. By comparison i f the s t r u c t u r e was as suggested by 
V I I . 5 then the l o s s o f (C-0) and (0-C-O) u n i t s o f masses o f 23 
and 44 would be expected i n s t e a d . 
Assuming t h a t trie polymer i s composed c h i e f l y o f PhdH u n i t s 
t hen t h e r e are two p o s s i b l e ways i n which they c o u l d be l i n k e d 
a c c o r d i n g t o V T I . l and V I I . 4 - The former s u g g e s t i o n may account f o r 
i t s c o l o u r . The pendant type polymer, V I I . 4 c o u l d e a s i l y g i v e 
r i s e t o peaks i n the mass spectrum f o r a m/e value of 26 such 
would be l e s s f e a s i b l e from the a l t e r n a t i v e s t r u c t u r e . A lso V I I . 4 
should r e a d i l y l o s e Ph u n i t s ; V I I . 1 should n o t . 
The elemental a n a l y s i s r e v e a l s an absence of bo t h t i n and 
c h l o r i n e and f i t s more c l o s e l y f o r the l o s s of one oxygen atom per 
p a i r of benzaldehyde molecules. T h i s does not support the s o l e 
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presence of -PhCI!- chains t u t may be accounted f o r by a x i d a t i o n 
d u r i n g a n a l y s i s . 
The o v e r a l l r e a c t i o n t h e r e f o r e seems t o be one of r e d u c t i v e 
p o l y m e r i s a t i o n as the oxygen c o n t e n t has been d r a s t i c a l l y 
reduced, i f not e l i m i n a t e d a l t o g e t h e r , compared t o t h a t o f 
benzaldehyde i t s e l f . I t i s n o t c l e a r whether the polymer i s 
comprised of para l i n k a g e s ( V I I . 1 ) (which could be j o i n e d i n a 
head t o t a i l o r head t o head manner), a pendant type s t r u c t u r e ( V I I . 4 ) 
or a m i x t u r e of bo t h . I t i s q u i t e p o s s i b l e t h a t i t i s a 
branched s t r u c t u r e s i m i l a r t o V I I . 2 o r V I I . 3 . The e t h e r e a l 
t r i c h l o r o s t a n n a n e may simply have c a t a l y s e d the r e a c t i o n and then 
decomposed t o i t s s t a r t i n g m a t e r i a l s . A l t e r n a t i v e l y a t i n 
hydroxy species may have been formed a c c o r d i n g t o scheme 7 . 3 . 
OH 
I 
PhCHO + HSnCl, > Ph — C— SnCl, > Cl,SnOH + [PhCH] 
3 I 3 3 n H 
CI H 
Pn Sn*-0 H 
7 \ / V 
H 0-»Sn Ph 
H CI 
Scheme 7.3 
Also i n aqueous c o n d i t i o n s t i n ( I I ) c h l o r i d e and h y d r o c h l o r i c 
a c i d w i l l reduce sulp h o x i d e s t o t h e i r s u l p h i d e s [ 2 5 ] . 
SnCl HC1 
Ph—S—Me » PhSLle ( 7 . 7 ) 
{} 92% 
Ph S = 0 > p h S ( 7 . 8 ) 
93% d 
( nBu) S = 0 > (nBu)„S (7 .0 ) 
62% 
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The aqueous r e a c t i o n between t i n ( I I ) c h l o r i d e , h y d r o c h l o r i c 
a c i d and benzaldehyde was c a r r i e d out u s i n g e x a c t l y the same 
ex p e r i m e n t a l procedure t o t h a t f o r the s u l p h o x i d e s [25] but gave 
o n l y the unreacted s t a r t i n g m a t e r i a l s r a t h e r than f o l l o w i n g the 
analagous r e a c t i o n a c c o r d i n g t o e q u a t i o n 7.10. 
SnCl KCl(aq) 
PhCHO > PhCH=CHPh. (7.10) 
The h y d r o s t a n n a t i o n r e a t i o n was extended t o phenyl 
acetaldebyde t o determine whether i t s homopolymer w i t h an 
a d d i t i o n a l methylene group i n the polymer u n i t c o u l d be prepared. 
The product o b t a i n e d was v e r y s i m i l a r i n appearance t o t h a t from 
benzaldehyde but successive mass s p e c t r a l s t u d i e s r e v e a l e d t h a t i t 
was not p o l y m e r i c . However the i n f r a - r e d spectrum i s almost 
i d e n t i c a l t o t h a t o f compound 7.1 from benzaldehyde. The n.m.r. 
and mass s p e c t r a are as assigned i n the d a t a t a b l e s on page 256 , 
Again the elemental a n a l y s i s f i t s p a r t i a l l o s s of oxygen from the 
aldehyde and t h e r e i s no evidence f o r any t i n o r c h l o r i n e i n the 
p r o d u c t . 
7.3.2. The o t h e r Carbonyl Compounds 
The scope of the r e a c t i o n has a l s o been extended t o 
benzophenone f o r two reasons. F i r s t l y t o determine whether the 
aldehyde p r o t o n i s v i t a l f o r the r e a c t i o n t o occur, which may l e a d t o 
some s p e c u l a t i o n on the r e a c t i o n mechanism. Secondly, the r e a c t i o n 
may be a f f e c t e d by s t e r i c h i n d r a n c e . I t was i m m e d i a t e l y 
obvious t h a t the r e a c t i o n had not f o l l o w e d the same course as t h e r e 
was no c o l o u r a t i o n o f the r e a c t i o n m i x t u r e . The main pro d u c t s are 
the unreacted s t a r t i n g m a t e r i a l s along w i t h a very s m a l l amount of 
f i b r o u s c r y s t a l s of which the i n f r a - r e d spectrum i m p l i e s t h a t t h e 
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product i s h e a v i l y contaminated w i t h t i n ( I I ) c h l o r i d e . The 
medium i n t e n s i t y peaks a s s i g n a b l e t o o r g a n i c bond v i b r a t i o n s e x h i b i t 
a peak due t o v(C = 0) a t 1735 cm - 1 compared t o 1640 cm 1 f o r 
benzophenone and 1675 cm - 1 f o r benzoic a c i d . The peak at 1230 cm 1 
may be assigned t o the asymmetric (C-O-C) s t r e c h i n g of an e t h e r . 
The mass spectrum of compound 7.3 i m p l i e s t h a t a new 
o r g a n o m e t a l l i c compound has been formed as the h i g h e s t peak may 
be assigned t o the fragment i o n [C^SnrhCNo] + . There are a l s o 
peaks due t o both Ph 2C0 ( m/elS2) and GnCl^ (m/e 225) and t h e i r 
break down. However, the ele m e n t a l a n a l y s i s does not s u p p o r t the 
1:1 p r o d u c t but the hi,r;h t i n and c h l o r i n e c o n t e n t c o u l d be 
accounted f o r i f the product i s h e a v i l y contaminated w i t h t i n ( I I ) 
c h l o r i d e . 
F i n a l l y , t h e r e s e a r c h was extended t o the ca r b o n y l compounds 
benzoyl c h l o r i d e and phenyl i s o c y a n a t e . The former gave o n l y 
unreacted s t a r t i n g m a t e r i a l s w i t h o n l y a t r a c e of benzoic a c i d 
which may he an a c t u a l product or may have been formed as a r e s u l t 
of h y d r o l y s i s of the benzoyl c h l o r i d e d u r i n g the course o f the 
r e a c t i o n . 
The phenyl i s o c y a n a t e r e a c t i o n d i d y i e l d a new o r g a n o m e t a l l i c 
product the c h a r a c t e r i s a t i o n of which appears on page 258. 
The most n o t i c e a b l e change i n the i n f r a - r e d spectrum compared 
t o t h a t of phenyl i s o c y a n a t e i t s e l f i n the l o s s of the peak 
at 2280 due t o v ( N = C = 0 ) which proves t h a t t h i s group has r e a c t e d 
and t h i s i s supported by minor changes i n the r e g i o n between 
1650 and 1400 cm ^ where C=N and C= 0 s t r e t c h i n g f r e q u e n c i e s are 
observed. The ^H n.m.r spectrum has peaks i n the phenyl r e g i o n 
but none a s s i g n a b l e t o protons a t t a c h e d t o t h e n i t r o g e n atom, 
nor t o an a l c o h o l p r o t o n , nor any h i g h f i e l d peaks due t o 
a l i p h a t i c p r o t o n s , a l l of which would i m p l y s a t u r a t i o n o f the 
i s o c y a n a t e group. The mass spectrum i s as assigned i n t h e data 
t a b l e and has fragments a s s o c i a t e d w i t h both i s o c y a n a t e and 
t r i c h l o r o s t a n n a n e u n i t s . The e l e m e n t a l a n a l y s i s does n o t f i t 
f o r the 1:1 p r o d u c t , and again t h i s may be due t o heavy 
c o n t a m i n a t i o n w i t h t i n ( I I ) c h l o r i d e . 
7.4. Conclusion 
The h y d r o s t a n n a t i o n of c a r b o n y l compounds by e t h e r e a l 
t r i c h l o r o s t a n n a n e does not occur r e a d i l y t o g i v e o r g a n o t i n 
p r o d u c t s , i n s t e a d , i n each case, ( w i t h the p o s s i b l e e x c e p t i o n 
o f phenyl i s o c y a n a t e ) unreacted t i n ( I I ) c h l o r i d e was r e c o v e r e d . 
Benzaldehyde, but not phenyl acetaldehyde, y i e l d e d a hydrocarbon 
polymer i n a r e a c t i o n comparable t o t h a t between benzaldehyde 
and BF^. Et2<3. Of the remaining c a r b o n y l compounds, 
benzophenone, benzoyl c h l o r i d e and phenyl i s o c y a n a t e o n l y the 
l a s t gave a s i g n i f i c a n t amount of o r g a n o m e t a l l i c p r o d u c t , 
which has been c h a r a c t e r i s e d but n o t i d e n t i f i e d c o m p l e t e l y . 
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C H A P T E R 8 
NUCLEAR QUADRUPOLE RESONANCE SPECTROSCOPIC STUDIES 
8.1 I n t r o d u c t i o n 
Nuclear quadrupole resonance (n.q.r.) spectroscopy r e f l e c t s the 
e l e c t r i c f i e l d gradient (e.f.g.) i n a s o l i d sample using the 
the 
quadrupolar nucleus asj^probe. The resonant frequency therefore 
corresponds to the energy of coupling between the nuclear 
quadrupole moment and the molecular e.f.g.. As a r e s u l t a v a r i a b l e 
frequency detector i s required, the nuclear quadrupole i n t e r a c t i o n s 
ranging from 100kHz to 1000 MHz. 
The nucleus must be i n an unsymmetrical environment, have 
a nuclear s p i n quantum number, I , g r e a t e r than 1 /2 and have a 
reasonably high n a t u r a l abundance. For example, the n u c l e i ' 
35 79 
involved i n t h i s chapter namely CI and 3r, each with I = 3/2, 
have n a t u r a l abundances of 75.40% and 50.57$ r e s p e c t i v e l y . 
37 31 
However, the isotopes CI and Br of n a t u r a l abundances 24 .60$ 
and 49.43$ r e s p e c t i v e l y , again with I = 3/2, may also be studied. 
The sample must be a s o l i d , p r e f e r a b l y c r y s t a l l i n e , as molecular 
motions i n l i q u i d s and gases cause the e.f.g. to be reduced to zero. 
N.Q.R spectroscopy i s a p a r t i c u l a r i l y valuable tool f o r 
studying inorganic compounds and some of i t s c h i e f a p p l i c a t i o n s 
are l i s t e d below. I t gives information on :-
( i ) Chemical bonding i n the s o l i d s t a t e . This i s because the 
e.f.g. a r i s e s mainly from 'p' and 'd' o r b i t a l e l e c t r o n contributions 
to the symmetry of the nucleus, the 's' o r b i t a l e lectrons being 
s p h e r i c a l l y symmetrical i n the absence of h y b r i d i s a t i o n . 
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( i i ) Molecular s t r u c t u r e s . For example, c i s and trans isomers i n 
organometallic complexes may be d i s t i n g u i s h e d due to t h e i r 
d i f f e r i n g symmetries. 
( i i i ) Crystallographic s t r u c t u r e s . I f there i s more than one 
quadrupolar nucleus of the same atom w i t h i n the molecular formula 
then any c r y s t a l l o g r a p h i c i n e q u i v a l e n c i e s w i l l be divulged by l i n e 
s p l i t t i n g , i . e . more than one resonance per spectrum. Among the 
f a c t o r s a f f e c t i n g the n.q.r. frequency w i l l be the bond lengths 
and the o v e r a l l s i z e of the anions and cations i n i o n i c compounds. 
( i v ) Phase t r a n s i t i o n s w i t h i n the c r y s t a l s t r u c t u r e . 
The l a t t e r two w i l l be discussed i n f u r t h e r d e t a i l . The 
d e t e c t i o n of phase t r a n s i t i o n s i s i l l u s t r a t e d i n a temperature 
dependence study on caesium tribromostannate i n the experimental 
work f o r t h i s chapter. The research has been extended to other 
t r i h a l o s t a n n a t e s and to some of the compounds prepared i n the 
previous chapters, i n c l u d i n g (N-methyl) diphenyl methylene ammonium 
t r i c h l o r o s t a n n a t e , C=NHMe] + SnCl^ ) , f o r which the r e s u l t s 
are compared with the c r y s t a l s t r u c t u r e . 
8.2 Temperature Dependence N.Q.R. Sppectroscopy Studies on Caesium 
Tribromostannate. Cs +SnBr.j~ 
8.2.1 Phase t r a n s i t i o n s i n the s o l i d s t a t e can be studied due to 
the a b i l i t y of n.q.r. spectroscopy to detect c r y s t a l l o g r a p h i c 
inequivalence, i n c l u d i n g both i n t e r - and i n t r a - molecular f o r c e s . 
The t r a n s i t i o n i s recognised e i t h e r by a change i n the number of 
resonance l i n e s or by an abrupt change i n the temperature c o e f f i c i e n t , 
( f o r frequency against temperature). Phase t r a n s i t i o n s have been 
studied f o r a number of hexachlorostannates [ 1 = 7 l and some 
i n v e s t i g a t i o n s have already been c a r r i e d out f o r CsSnBr. [ 8 ] , 
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8.2 0 2 Experimenteil 
A l l operations were c a r r i e d out under an atmosphere of dry-
nitrogen and a l l solvents were deoxygenated, due to the high 
s e n s i t i v i t y of the desired product to oxidation to the hexabromo-
stannate. Any oxidation of CsSnBr^ which i s black i s e a s i l y 
monitored as Gs^SnBrg i s yellow. 
8.2.2.1 Preparation of CsSnBr^ 
Caesium Bromide (6.952g, 32.7 mmoles) i n concentrated hydrobromic 
a c i d (50 mis) was added by syringe to t i n ( I I ) bromide (9.2l6g, 
33.1 mmoles) i n concentrated hydrobroraic a c i d (50 mis) to give an 
immediate black p r e c i p i t a t e of caesium tribromostannate which was 
f i l t e r e d , washed and dried i n vacuo (8.54g, 54%). 
Elemental a n a l y s i s ; Cs = 26.7% ; 3 r = 48.3% ; CsSnBr^ r e q u i r e s ; 
Cs = 27.1% ; Br = 48.8% . 
8.2.2.2 Temperature Dependence N.Q.R. Spectroscopy Studies 
Approximately 2g of CsSnBr^ was packed i n a small sample b o t t l e 
and placed i n the c o i l . The apparatus used for the range -110 to 
25°C, a v a r i a b l e temperature c r y o s t a t , i s i l u s t r a t e d i n f i g 8.1. 
The sample was cooled down by a flow of cold nitrogen gas which . 
had been passed through l i q u i d nitrogen and maintained at the 
required temperature using a t h e r m o s t a t i c a l l y c o n t r o l l e d heating 
u n i t . The thermostat was s e t at the d e s i r e d temperature and by 
a d j u s t i n g the flow of nitrogen gas the required temperature was 
achieved. A f t e r approximately twenty minutes when thermal 
e q u i l i b r i u m had been reached, with the a i d of c a r e f u l lagging with 
cotton wool, an accuracy of - 0.1°C was a t t a i n e d . A Comark copper-
constantan thermometer was attached to the outside of the braes 
can which contained the c o i l and i n turn the sample. Due to the 
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to that of the sample. Temperatures below - 110°C were 
achieved by adding dropwise j u s t enough l i q u i d n i t r o g e n i n t o 
the dewar around the can, f o r which an accuracy of only - 1°C 
was possible. 
The frequency region was scanned at le a s t twice f o r each 
temperature, and f o r the temperature range over which the phase 
t r a n s i t i o n occurred readings were taken f o r both cooling (20 - 12°C) 
and heating (12 - 20°C) of the sample. The r e s u l t s are given 
i n tables 8.1 to 8.3 and i l l u s t r a t e d g r a p h i c a l l y i n f i g u r e s 
9.2 and 3.3. 
Table 3.1 
N.Q.R. Frequencies f o r CsSnBr f o r cooling from 25 to -5°C * uncertain 
Temperature, °C Frequency. MHz Temperature, °C Frequency, MHz 








21 62.955 63.330* 
20 62.950 7 62.800 






16 62.980 63.420* 
15 62.975 3 62.775 
63.410 
14 62.955 
63.380* 2 62.775 
63.435 
13 62.925 
63.255* 1 62.730 





N.Q.R. Frequencies f o r CsSnBr. f o r Heating from 12 to 20° C. 
Temperature, °C Frequency, MHz Temperature, ° C Frequency, MHz 
12 62.820 17 62.985 
13 62.320 18 62.970 
14 62.820 19 62.930 
15 62.840 20 62.980 
16 62.840 
Table 8.3 
N.Q.R. Frequencies f o r CsSnBr. over the Range - 10 to - 196 °C. 




-10 62.775, 63.515 -110 62.810, 64.160 
-20 62.750, 63.540 -120 62.320, 64.285 
-30 62.745, 63.550 -130 62.340, 64.400 
-40 62.750, 63.645 -135 62.350, 64.640 
-50 62.770, 63.700 -145 62.375, 64.775 
-60 62.760, 63.760 -155 62.910, 64.365 
-70 62.765, 63.305 -165 62.960, 64.970 
-80 62.760, 63.890 -175 62.980, 65.100 
-90 62.795, 63.995 -185 62.950, 65.180 
-100 62.790, 64.090 -196 62.950^ 64.320 b 
a = Relative i n t e n s i t i e s 2 : 1 
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8 . 2 . 3 . Discussion of Results 
Some n.q.r. temperature dependence studies of CsSnBr^ have 
already teen performed \8~\. However, the experiment was repeated 
f o r two reasons; f i r s t l y , to deduce whether the phase t r a n s i t i o n 
i s f i r s t or second order. The former would give r i s e to complete 
disappearance of the two l i n e s at the t r a n s i t i o n w i t h replacement 
by a single l i n e at approximately the i n t e n s i t y weighted mean 
frequency, w h i l s t a second order t r a n s i t i o n i s recognised by the 
two l i n e s progressively merging i n t o one. Scaife et a l [8 J were 
uncertain on the t r a n s i t i o n order but favour a f i r s t order 
t r a n s i t i o n by comparison of t h e i r r e s u l t s w i t h those of CsPbCl^ 
[9, l o ] which i t s e l f undergoes a f i r s t order t r a n s i t i o n . Secondly 
Scaife et a l [ 8 J only looked at the region between - 100 and 
+ 100 0 C . We have extended t h i s study to the l i q u i d n i t r o g e n 
temperature ( - 1 9 6 ° C ) . 
Scaife et a l [ 8 ] assigned the peaks observed to the Br isotope, 
79 
r a t h e r than the Br isotope which also has a nuclear quadrupolar 
moment, although they do not give any reasoning f o r t h i s assignment. 
However, f o l l o w i n g t h i s assumption and using the formula: 
7 9 T Br 
frequency = 1 . 1 9 7 0 7 81 T. 
79 
from t h e i r r e s u l t s the predicted resonance f o r the Br isotope i s 
7 5 . 5 0 2 MHz (Temp ^ 2 0 ° C). Unfortunately t h i s was not detected 
on our p a r t i c u l a r spectrometer which does not scan t h i s region. 
The c r y s t a l s t r u c t u r e of caesium tribromostannate has been 
determined ^ l l ] and i s cubic pervoskite at room temperature w i t h a l l 
three t i n - bromine bond lengths of 2.94-X. This i s r e f l e c t e d by 
the s ingle n.q.r. l i n e at t h i s temperature. Upon cooling below the 
phase t r a n s i t i o n temperature a second peak appears. 3y comparison 
w i t h the CsPbCl^ system the higher frequency peak has been assigned 
to bromine atoms i n s i t e s of four f o l d symmetry and the lower 
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frequency peak to bromine atoms i n two f o l d s i t e s [ 8 ] . 
Detailed studies were made i n the phase t r a n s i t i o n region 
(ta b l e s 8 i l and 8.2 and f i g . 3.2). Above 19°C there i s a s i n g l e 
peak at 62.95 MHz which i s close to that at 63.073 MHz quoted 
by Scaife et a l [&\. 3y decreasing the temperature the 
frequency remains constant u n t i l , at 14°C, i t s t a r t s to drop 
and t h i s coincides w i t h the appearance of a possible second peak 
at a higher frequency which implies a f i r s t order phase t r a n s i t i o n . 
For the low temperature r e s u l t s the low frequency peak i s twice 
as intense as that at a higher frequency and consequently, any 
high frequency peacs at these higher temperatures v / i l l be d i f f i c u l t 
to d i s t i n g u i s h . However, by doing each run i n duplic a t e t h e i r 
a u t h e n t i c i t y can be confirmed to a c e r t a i n extent. A decrease 
i n temperature by one degree to 13°C r e s u l t s i n a reduction i n the 
frequency by 0.13 MHz. The frequency value then l e v e l s o f f , 
any f u r t h e r reduction i n temperature|having very l i t t l e e f f e c t . 
The r e s u l t s f o r the opposite d i r e c t i o n i . e . heating are given i n 
tab l e 8.2 and Fig. 8.2. There i s evidence f o r hysteresis as the 
low frequency peak does not increase i n value u n t i l the temperature 
o 
reached 17 0. Thus the phase t r a n s i t i o n temperature l i e s between 
13 and 17°C. By comparison Scaife et a l [8 ] give a phase t r a n s i t i o n 
temperature of approximately 10° C and report that i t occurs 
r e l a t i v e l y r a p i d l y upon increasing the temperature but much slower 
upon cooling. 
Upon cooling f u r t h e r ( t a b l e 8.3 and f i g . 8.3) the lower 
frequency peak i n i t i a l l y remains i n approximately the same p o s i t i o n , 
but the frequency gradually increases as the temperature i s reduced 
o 
below - 120 C. The high frequency peak s t e a d i l y increases i n 
frequency u n t i l at the l i q u i d n i t r o g e n temperature i t i s d i f f i c u l t 
t o discern. (A t e n t a t i v e pea'c i s reported at 64.32 :,UIz but i t i s 
possible t h a t the actual frequency i s beyond the scope of the 
spectrometer (see next section) and the scale of the graph. 
The region above 25°C has not been in v e s t i g a t e d f u r t h e r 
as extensive studies have already been ca r r i e d out [ 8 ] , and show 
that the s i n g l e resonance decreases i n frequency at a rate of 
-3.21 KHz / ° C . 
3. 3• N.q.r. spectroscopic studies on r e l a t e d t r i h a l o s t a n n a t e s 
The n.q.r. study has been extended to t e t r a e t h y l - and t e t r a 
n-propyl ammonium tribromostannate and to tetraphenyl phosphoniura 
t r i c h l o r o - and tribromostannate 
3.3.1. Experimental 
A. s i m i l a r procedure to that f o r caesium tribromostannate 
was adopted, care being taken to avoid oxidation. 
8.3.1.1. Preparation of t e t r a e t h y l ammonium tribromostannate. 
Tetra e t h y l ammonium bromide (5.199g, 24.7 mmoles) i n 
concentrated hydrobromic acid (50 mis) was added to t i n ( I I ) 
bromide (6.865g, 24.7 mmoles) i n concentrated hydrobromic acid 
(50 mis) to give a pale yellow s o l u t i o n . This was reduced i n volum 
i n vacuo and l e f t to stand overnight during which the required 
c r y s t a l s were formed and subsequently i s o l a t e d . The elemental 
analysis i s presented i n t a b l e 8.4. 
The n-propyl analogue was prepared i n an i d e n t i c a l manner. 
The phosphonium s a l t s were s i m i l a r l y prepared but due to severe 
s o l u b i l i t y problems the bromide was dissolved i n deoxygenated 
dichloromethane. For the t r i c h l o r o s t a n n a t e both the t i n ( I I ) 
c h l o r i d e and the tetraphenyl phosphonium chloride were dissolved 
i n deo*ygenated water w i t h a trace of hydrogen bromide. The two 
phosphonium t r i h a l o s t a n n a t e s came out of s o l u t i o n immediately . 
Attempted r e c r y s t a l l i z a t i o n s from dichloromethane v/ere unsuccessful 
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Table 8 .4 
Elemental Analyses f o r the Trihalostannates Prepared f o r 
N.Q.R. Studies, ( c a l c u l a t e d values I n parenthesis) 
Compound fo C fo H fo N or P fo Halogen 
[(CH CHg) N] + SnBr 3" 19.8 
(19.7) 
4.4 
(4.D 2 . 5 (2.9) 45.3 (49.D 
[(CH3CH2CH2) N]* SnBr 3" 26.3 




















3.3.1.2. N.q.r. spectra were recorded f o r each sample at 25°C 
(room temperature), -77°C (C0 2(s)) and -196°C ( N 2 ( l ) . . The 
79 
frequency range swept f o r Br was between 42 and 236 MHz w i t h 
the exception of the regions between 65 and 93 MHz and between 
132 and 160 MHz over which the departmental spectrometer does not 
operate, but concentrating on frequencies between 40 and 65 "5Hz by 
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comparison w i t h CsSnBr^. The range swept f o r CI was between 8 and 
20 MHz. The r e s u l t s are as tabulated ( t a b l e 8.5). 
Table 8 .5 
The Br and CI N.Q.R. frequencies of some Trihalostannates. 
Compound N.Q.R. Frequency b.c at 
-196°C -77°C 25°C 
Et.N + SnBr ~ 
4 3 57 .75 . 
6 L 0 5 d 
4 5 . 9 5 . 
6 2 . 2 2 e 
-
Pr.N * SnBr ~ 4 3 57.92* 
60.05 
- 54.65 
Ph„P + SnBr ~ 4 3 - - -
Ph.P + SnCl ~ 4 3 13.43 
13.47 
13.765 
. ( 2 ) f 
(1) 
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(a) The bromine resonances cannot be assigned unequivocally to 
79 81 
Br or 3r isotopes although the lower frequency signal from 
Et.NSnBr., at -77°C i s more l i k e l y to arise from 3r n u c l e i , 4 3 
(b) Tfflz, (c) - 0.10 MHz, (d) Tentative but reproducible 
(e) Tentative but not reproducible, ( f ) Relative i n t e n s i t i e s . 
8.3.2. Discussion of Results 
The only tribromostannate f o r which n.q.r. studies are reported 
i s caesium tribromostannate [ 8 ] . A preliminary i n v e s t i g a t i o n 
i n t o ammonium tribromostannates, f o r the cations Me^NH+, 
Me^N+ and ^ ^ N H + [7 J has given no N.Q.R. peaks. However 
the t r i c h l o r o s t a n n a t e s have proven more rewarding and peaks i n 
the region of 10 to 12 MHz have been reported f o r the cations 
Me 2NH 2 + and Me^N+ [7 ] and between 5 and 12 MHz f o r CsSnCl 3 [ 8 ] 
and [ s n C l ( H 2 0 ) 2 ] + SnCl 3". H20 [12] . 
The r e s u l t s f o r the tvibromostannates i n table 8.6 are only 
t e n t a t i v e , as i n d i c a t e d . The 'peaks' are v£ry weak, o f t e n 
w i t h a s i g n a l : noise r a t i o as low as 2:1 or 3:1. They are 
recognised by a broadening and 'rounding o f f of the l i n e s 
compared to the background noise. Each spectrum was run at least 
three times as r e p r o d u c i b i l i t y of the peaks, however weak, would 
support t h e i r a u t h e n t i c i t y . Also by examining the spectra at d i f f e r e n t 
temperatures the presence of peaks at approximately the same 
frequencies, allowing f o r the f a c t that the frequency decreases 
w i t h an increase i n temperature, confirms t h e i r a u t h e n t i c i t y . 
There are a number of explanations f o r the poor q u a l i t y of 
these spectra. F i r s t l y the q u a l i t y of the sample i s important. 
C r y s t a l l i n e m a t e r i a l i s preferable as, i n the absence of possible 
l a t t i c e defects, i t w i l l have a w e l l ordered and regular s t r u c t u r e . 
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Therefore any quadrupolar nucleus w i l l have i d e n t i c a l surroundings 
to a l l the other s i m i l a r n u c l e i and consequently the quadrupole 
moments w i l l a l l l i e i n approximately the same d i r e c t i o n . The 
two ammonium s a l t s aire c r y s t a l l i n e w h i l s t the phosphonium s a l t s 
are powders so t h i s may account f o r the dearth of signals for. 
tetraphenyl phosphonium tribromostannate. 
The percentage of bromine should also be considered. The 
cations here are q u i t e large compared to Cs+ f o r which the 
tribromostannate gives d e f i n i t e peaks. The small ammonium ions 
studied previously [ 7 ] gave no spectra, so i t i s not s u r p r i s i n g 
that these compounds, w i t h l a r g e r cations and therefore a lower 
percentage of bromine f o r the same amount of m a t e r i a l , give poor 
spectra. This explanation i s supported by the f a c t that studies 
on the hexabromostannates [ 7 ] which have a higher bromine content 
are more successful. Also good spectra w i l l be d i f f i c u l t t o 
79 
obtain as the n a t u r a l abundance of Br i s only approximately 
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two t h i r d s of that of CI f o r which adequate spectra have been 
obtained f o r a l i m i t e d number of samples [7 ] . F i n a l l y the low 
s e n s i t i v i t y of the spectrometer may contribute to the poor r e s u l t s . 
I n s p i t e of t e t r a phenyl phosphonium t r i c h l o r o s t a n n a t e being a 
o 
powder a s a t i s f a c t o r y spectrum was recorded at -196 C. 
The spectrum may be i n t e r p r e t e d by comparison w i t h the c r y s t a l 
s t r u c t u r e which has been determined [13}. The t i n - c h l o r i n e bond 
lengths are 248.8 ( 2 ) , 245.6 (2) and 246.7 (2) A (Figures i n 
parenthesis are the standard d e v i a t i o n ) . Lower frequencies usually 
correspond to longer bond lengths [lO, 13 ] , because w i t h increasing 
bond leng t h (where there i s l i t t l e TT bonding) the i o n i c 
character of the halogen increases. Hence i i s e.f.g. and 
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consequently the n.q.r. frequency becomes lower. The peak: at 
13.765 Hz could represent the shortest Sn-Cl bond, wi t h the two 
lower frequency peaks representing the longer bonds even though 
one of them i s closer i n length to the shortest. The 
assumption above i s confirmed g r a p h i c a l l y by a l i n e a r p l o t of 
the n.q.r. frequency against the relevant bond lengths. Such 
a graph f o r c e r t a i n t r i c h l o r o s t a n n a t e s [7 J p r e d i c t s frequencies 
at 25°C between 12.5 and 13.5 MHz f o r t i n - c h l o r i n e bonds as short 
as those concerned, and the observed r e s u l t i s indeed very close. 
However, i t i s also possible f o r a p a r t i a l reverse to occur [ 7 ] , 
as could be the case f o r t h i s compound. 
8.4. Other systems 
35 
C I n.q.r. spectra have been run f o r some of the compounds 
prepared i n previous chapters. Of these, only (N-methyl) diphenyl 
methylene ammonium t r i c h l o r o s t a n n a t e gave a r e s u l t . Also tested 
were ethereal trichlorostannane and i t s products w i t h proton sponge 
and t e r t i a r y b u t y l cyanide. The former two are discussed i n 
chapter 2. The t e r t i a r y b u t y l cyanide product was examined i n an 
attempt to i d e n t i f y the hydrostannation products i n chapter 4. The 
r e s u l t s f o r Ph2C =* NHMe+SnCl^~ are tabulated below. 
Table 8.6 N.Q.R. Spectra f o r PhrC=NHMe">SnCl ~ 




No d i s t i n g u i s h a b l e peaks 
10.175 ( 1 ) , 11.070 ( 1 ) , 13.125 
11.800 
Figures i n parenthesis represent the r e l a t i v e i n t e n s i t i e s . 
The higher resonance was recorded separately and i s reproducible. 
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The r e s u l t s may be i n t e r p r e t e d i n terms of the c r y s t a l 
s t r u c t u r e which i s discussed i n Chapter 3 . There are three 
d i f f e r e n t cations and anions i n the s t r u c t u r e g i v i n g nine d i f f e r e n t 
t i n - c h l o r i n e bond lengths which may be grouped according to 
table 3.7. 
Table 9.7 
Sn-Cl bond lengths f o r Ph C ~NHMe + SnCl ~ 
Group 
S n - C l ^ ^ 
Eond o \ 
length, A 








The c o r r e l a t i o n between bond length and n.q.r. frequency at 
20°C [ 7 ] p r e d i c t s frequencies ranging from 10.4 MHz (2.533 ?) to 
o 
12.3 ":IHz (2.455 A) . The only resonance observed at t h i s 
temperature, 11.8 MHz i s w i t h i n the expected region. At -77°C the 
r e s u l t s are more i n t e r e s t i n g . The peaks at 10.175 and 11.070 MHz 
possibly represent the c h l o r i n e atoms i n groups "E" and "D" 
res p e c t i v e l y whereby t h e i r r e l a t i v e i n t e n s i t i e s should be 1:3. 
I n p r a c t i c e as the peaks are so weak part of the i n t e n s i t y may have 
been spread out i n t o the background noise and i s therefore not 
observed. The t h i r d resonance, 13.125 MHz, may be assigned to 
chl o r i n e atoms i n e i t h e r group "A" or "B", the l a t t e r being most 
l i k e l y as i t s chlorines are more abundant. 
One normally expects the n.q.r. frequency to be i n v e r s l y 
dependent on the temperature. Whilst i t i s s t i l l possible f o r the 
room temperature s i g n a l at 11.800 MHz to arise from a movement of the 
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11.070 MHz s i g n a l at =77°C i t i s more l i k e l y to come from 
movement of the 13.125 MHz sig n a l to a lower frequency. I t 
would therefore represent the chlorine atoms i n group "B1* As the 
temperature dependence i s much bigger than normal the resonances 
f o r the other c h l o r i n e atoms w i l l be correspondingly a f f e c t e d . 
Therefore the other main group, nD™ may r e s u l t i n a considerably 
lower resonance, and may have been undetected f o r t h i s reason. 
8.5 Conclusion 
N.q.r. studies on a series of tri h a l o s t a n n a t e s have been 
performed. A temperature dependance study on caesium 
tribromostannate reveals a f i r s t order phase t r a n s i t i o n bet?/een 
13 and 17 °C w i t h evidence f o r hysteresis. D i f f i c u l t i e s were 
encountered i n obtaining s a t i s f a c t o r y spectra f o r t e t r a e t h y l -
and t e t r a n-propyl anmonium tribromostannate, one of the main 
reasons being the l a r g e r c a t i o n sizes and hence d i l u t i o n of 
bromine atoms. The r e s u l t s f o r t e t r a phenyl phosphonium- and 
(N-methyl) diphenyl methylene ammonium- t r i c h l o r o s t a n n a t e have been 
discussed i n terms of t h e i r c r y s t a l s t r u c t u r e s . 
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A P P E N D I X 1 
E7PERIMENTAL DETAILS 
1. General 
Many of the compounds described i n t h i s thesis were 
s e n s i t i v e t o the atmosphere, e i t h e r through hydrolysis or 
oxi d a t i o n . A l l operations were c a r r i e d out under vacuum or 
an atmosphere of pure dry nitrogen. Liquids and solutions 
were t r a n s f e r r e d by syringe against a counter current of 
nitrogen and w i t h the ai d of suba seals. A i r s e n s i t i v e s o l i d s 
were handled i n a ni t r o g e n f i l l e d glove box. 
2. Nitrogen Gas 
Nitrogen gas was supplied as the b o i ^ f f from a tank 
containing l i q u i d n i t rogen. Traces of oxygen were removed i n 
l i q u i d n i t r o g e n trap followed by a tower packed with phosphorous 
pentoxide. The p u r i f i e d gas was then d e l i v e r e d to the glove box 
and to a m u l t i p l e o u t l e t system. 
3. Glove Box 
The dry n i t r o g e n atmosphere was maintained by continuous 
purge and by r e c y c l i n g through a phosphorous pentoxide tower to 
remove re s i d u a l water. A l l external tubing was of nylon or 
glass and a l l j o i n t s were sealed w i t h s i l i c o n e rubber. 
4. Vacuum System 
Evacuation was effected using a r o t a r y o i l pump and a l l 
v o l a t i l e compounds were c o l l e c t e d i n two connected traps maintained 
at 77 K. This vaccum system was used f o r separation and p u r i f i c a t i o n 
of v o l a t i l e materials by d i s t i l l a t i o n , f o r f i l t r a t i o n , reduction i n 
solvent volume and f o r the drying of i n v o l a t i l e materials. 
a heated copper tower at 300°C and water was removed by a 
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5. Solvents 
D i e t h y l ether and other hydrocarbon solvents were dried 
w i t h sodium w i r e . Toluene and the ch l o r i n a t e d solvents were 
d r i e d over a c t i v a t e d molecular seive (3A and 4A). THF was 
dried over potassium hydroxide followed by potassium metal and 
was f r e s h l y d i s t i l l e d before use. Deuterised solvents used f o r 
n.m.r. studies were commercial samples stored under dry nitrogen. 
6. S t a r t i n g Materials 
Anhydrous t i n ( I I ) chloride was used as purchased. Anhydrous 
t i n ( I I ) bromide was prepared from t i n ( I I ) powder and hydrobromic 
acid. Tin (IV) c h l o r i d e was p u r i f i e d by vacuum d i s t i l l a t i o n ana 
stored under dry nitrogen. 
The S c h i f f ' s bases were prepared by condensation of the 
relevant aldehyde or ketone w i t h an amine using a Dean-Stark 
apparatus. 
, ? toluene 2 _ 
R R C=0 + R -NH2 » R R C=NR J + 11,0 
The mixture was r e f l u x e d u n t i l no more water separated and then 
d i s t i l l e d to remove excess amine and toluene. F i n a l l y , the 
methyleneamine i t s e l f was d i s t i l l e d and c o l l e c t e d . 
A c r y l o n i t r i l e was s t i r r e d f o r 6 hours w i t h calcium hydride 
(10g/l) and then d i s t i l l e d onto fresh calcium hydride to remove the 
water and s t a b i l i z e r (hydroquinone). A f t e r r e f l u x i n g f o r 6 hours 
and f r a c t i o n a l l y d i s t i l l i n g onto ac t i v a t e d 3A molecular sieve 
i t was stored i n the dark to prevent u.v. i n i t i a t e d polymerisation 
i n the absence of the s t a b i l i z e r . The other n i t r i l e s used were 
d i s t i l l e d over phosphorus pentoxide and stored over molecular s\&ve. 
288 
The c a r b o n y l compounds used i n c h a p t e r 7 were d i s t i l l e d onto 
m o l e c u l a r sitve and s t o r e d under d r y n i t r o g e n . 
The purchased ammonium and phosphonium bromides and 
c h l o r i d e s were r e c r y s t a l l i s e d befoa?e use. The aqueous hydrobromic 
a c i d used "/as as purchased. 
7« Instrumentation 
( i ) I n f r a - r e d S p e c t r a 
-1 
I n f r a - r e d s p e c t r a i n the range 4000-200 cm were recorded on a 
Perkin Elmer 457 or 577 grating spectrometer. KBr d i s c s were prepared 
i n the glove box and used immediately. Nujol mulls, a l s o prepared i n 
the glove box, and neat l i q u i d s were sandwiched between KBr p l a t e s . 
( i i ) N.M.R. Spectra 
1H n.m.r. s p e c t r a were recorded on a Varian A56/60D spectrometer 
operating at 60MHz. The samples were e i t h e r neat l i q u i d s or concentrated 
s o l u t i o n s i n an appropriate s o l v e n t . TMS was used as an e x t e r n a l or 
i n t e r n a l r e f e r e n c e . 
13 
The C n.m.r. s p e c t r a were recorded at Newcastle U n i v e r s i t y on 
a Bruker spectrometer operating at 66MHz, except that of CETTC 
which was recorded at the U n i v e r s i t y of Edinburgh. 
119 
The Sn n.m.r. s p e c t r a were recorded on a home b u i l t F o u r i e r 
Transform multinuolear spectrometer driven by a PDP11/34 computer 
constructed at the u n i v e r s i t y by Dr. A. Royston. A 1.4T magnet from 
a P e r k i n Elmer R10 instrument with a s p e c i a l t i n probe was used. 
The temperature of the probe was maintained at 307.2K by a thermostat. 
Concentrated s o l u t i o n s were placed i n tubes of e x t e r n a l diameter 8.4mm 
and tetramethylstannane was used as an e x t e r n a l reference with the 
downfield d i r e c t i o n taken as p o s i t i v e . Due to the low n a t u r a l abundance 
» * 119 
(8.9$) and low magnetio moment (-1.046 n u c l e a r magnetons) of Sn 
* CRC Handbook of Chemistry and P h y s i c s , 6 0 t h E d i t i 
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s e v e r a l thousand scans had to be accumulated f o r a s a t i s f a c t o r y 
spectrum to be obtained. The s p e c t r a were displayed on an o s c i l l o s c o p e 
and p r i n t e d on a plotter,, 
( i i i ) N.Q.R. Spectra 
CI n.q.r. s p e c t r a were obtained using a commercial mid range 
Decca spectrometer operating between 5 and 55 MHz and f o r the Br n.q.r 
s p e c t r a a Decca spectrometer with a high frequency head was used. The 
frequency ranges scanned were determined by s e l e c t i o n of an appropiate 
radiofrequency c o i l . The spectrometers were of a super regenerative 
o s c i l l a t o r type operating with a 1MHz c r y s t a l f o r CI and one of 
5MHz f o r Br. They were used i n the Zeeman modulation mode with quench 
frequencies of 25kHz and 50kHz r e s p e c t i v e l y . The frequencies were 
measured at the s t a r t and f i n i s h of each run using an Advanced 
Instruments TC16 frequency counter and intermediately by the frequency 
marks of the instrument. The resonance frequencies were measured 
manually from the marker s c a l e s . 
( i v ) Mass Sp e c t r a 
Mass s p e c t r a were recorded on an AEI MS9 instrument. The samples 
were introduced by d i r e c t i n s e r t i o n into the ion source. The P.A.B. 
s p e c t r a were recorded i n t h i o g l y c e r o l at U.K.A.B.A. Harwell. 
(v) MoBsbauer S p e c t r a 
These were run at Birkbeck College, U n i v e r s i t y of London. A l l 
data reported were recorded a t 77K with a SnOg reference, unless 
otherwise s t a t e d . 
( v i ) Elemental Analyses 
Carbon, hydrogen and nitr o g e n were determined using a P e r k i n 
Elmer 240 Elemental Analyser. The samples were sealed i n a preweighed 
aluminium capsule i n the glove box. Chlorine was determined by oxygen 
f l a s k combustion followed by potentiometrlo t i t r a t i o n of the c h l o r i d e 
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ions,, T i n was determined using a Parkin Elmer 5000 elemental a n a l y s e r 
with an e l e c t r i c filament lamp. A l t e r n a t i v e l y 9 t i n was determined 
g r a v i m e t r i c a l l y as SnOg » Unfortunately the presence of halogens often 
caused the l o s s of t i n and therefor© gave r i s e to low results,, 
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A P P E N D I X 2 
COLLOQUIA AND CONFERENCES 
The Board of S t u d i e s i n Chemistry r e q u i r e s t h a t each 
postgraduate research t h e s i s c o n t a i n s an appendix l i s t i n g : 
(a) d e t a i l s o f the f i r s t - y e a r postgraduate i n d u c t i o n course. 
(b) a l l r e s e a r c h c o l l o q u i a , research seminars and l e c t u r e s 
arranged by the Department of Chemistry and the Durham 
U n i v e r s i t y Chemical S o c i e t y d u r i n g the p e r i o d o f t h e w r i t e r ' s 
r esidence as a po s t g r a d u a t e s t u d e n t . 
( c ) a l l r e s e a r c h conferences attended and papers read out by 
the w r i t e r o f the t h e s i s d u r i n g the p e r i o d when t h e r e s e a r c h 
f o r the t h e s i s was c a r r i e d o u t . 
A. POSTGRADUATE INDUCTION COUBSE 
A s e r i e s of l e c t u r e s was g i v e n t o e x p l a i n t h e s e r v i c e s 
a v a i l a b l e i n the department. 
Departmental o r g a n i s a t i o n 
S a f e t y m a t t e r s 
E l e c t r i c a l a p p l i a n c e s and i n f r a red 
Spectroscopy 
Chromatography and m i c r o a n a l y s i s 
Atomic a b s o r p t i o n s p e c t r o m e t r y and 
i n o r g a n i c a n a l y s i s 
"ass s p e c t r o m e t r y 
;i."!.R. s p e c t r o m e t r y 
Olassblowing techniques 
Dr. E.J.F.Ross 
Dr. M.R. Crampton 
Mr. R.N. Brown 
Mr. T.P. Holmes 
Mr. R.Coult 
Dr. ?,T. Jones 
D*. R.S. Matthews 
Mr. vY.H. P e t t i s and 
Mr. R. H a r t . 
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Bo DEPARTMENTAL COLLOQUIA AND DURHAM UNIVERSITY CHEMICAL 
SOCIETY (D.U.C.S.) LECTURES 
14-10-31. P r o f . E. Kluk ( U n i v e r s i t y o f K a t o w i c e ) . 
"Chemolurainescence and p h o t o - o x i d a t i o n " . 
22-10-31. Dr. P.J. Corish (Dunlop L t d . ) "What would l i f e be 
li'ce w i t h o u t rubber ?". (D.U.C.S.) 
28- 10-81. Dr. R. J.II. Clar':c ( U n i v e r s i t y C o l l e g e , London). 
"Resonance Raman spectroscopy", 
29- 10-81. Miss J.K. Cronyn ( U n i v e r s i t y o f Durham). "Chemistry 
i n archaeology". (D.U.C.S.) 
6-11-31. Dr. ;.V. Lloddeman (Monsanto Research Labs., S t . L o u i s , 
M i s s o u r i ) , "High energy m a t e r i a l s " . 
12- 11=81. P r o f . A. I . S c o t t ( U n i v e r s i t y of E d i n b u r g h ) , "An o r g a n i c 
chemist's view of l i f e i n the N.H.R. tube". (D.U.C.S.) 
13- 11-81. P r o f . M.J. Perkins (Chelsea C o l l e g e , London). 
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